® 



i) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 208 672 

A1 



EUROPEAN PATENT APPLICATION 



(Jj) Application number: 86870095.6 
© Dateoffiling: 01.07.86 



© IntCI*: C 12 N 15/00 

C 07 H 21/04, C 07 K 13/00 

A 61 K 39/12, G 01 N 33/53 
C 12 N 7/00 



© Priority: 08.0X85 US 752981 



© Date of publication of application: 
14.01.87 Bulletin 87/3 

© Designated Contracting States: 
BE DE PR GB IT NL 



© Applicant: REGION WALLONNE representee par le 
MInlstre des Technologies nouvelles de la region 
waBonne 

Avenue des Arts, 19 H 
B-1040Bruxe»es(BE) 

© Applicant: CHIRONCORPORAHON 
4560 Korton Street 
Emeryville CaBf ornia 94608{US) 

@ Inventor: Renard, Andre 
Avenue des Cerfs, 37 
fr4900Angteur(BE) 

© Inventor: Dtna,Dlno 
1254 Washington Street 
San Francisco California 94108(US) 

@ Inventor: Martial, Joseph 
13rueVignob!e 
B4050Esneux(BE) 

(jj) Representative: Blanchart, Andre 

MINISTERE0E LA REGION WALLONE Direction 
d'Administratlon de I'Energie et des Technologies 
nouvelles Service des Technologies nouvelles Avenue 
Prince de Liege, 7 
B-SIOONamurfBE) 



(M 

rs 

CD 
00 

o 

CM 



© Vaccines and diagnostics derived from bovine diarrhea virus. 
© The nucleotide sequence of the genome for bovine 
diarrhea virus (BDV) is disclosed. The sequence permits de- 
sign and construction of vaccines effective against BDV. 
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VACCINES AND DIAGNOSTICS DgBTVRn 
FROM BOVINE DIARRHEA VIRUS 

Technical Field 

This Invention relates to the field of vaccines 
5 and diagnostics for infectious diseases. Specifically, 
it relates to the disease syndrome caused by bovine 
diarrhea virus, and to vaccines, therapeutics, and 
diagnostics derived from the genomic sequence associated 
with the BDV virus. 

10 Background Art: 

Morbidity and mortality caused by bovine 
diarrhea virus (BDV) in dairy and beef herds is a 
worldwide unsolved economic problem. A subclinical form 
characterized by high morbidity and low mortality is 

15 endemic and is associated with diminished respiratory 
capacity, neonatal diarrhea, ulcerations in the 
digestive tract, immunodeficiency, and. in calf bearing 
bovines. abortion and teratogenicity. The disease is 
recognizable in calves, but adult carriers are difficult 

20 to identify. 

An acute form of the disease results from 
infection of the fetus in the first trimester of 
pregnancy. The course of this form of the disease is 
insidious. The calves may survive the first infection. 

25 but those that do become immunotolerant, and excrete 
live viruses. They cannot, survive a second infection. 
Since their capacity as carriers cannot be detected by 
titration of their sera, these animals are responsible 
for spreading of the disease from herd to herd. 

30 B °V also infects hog populations. In hogs, it 

is important to distinguish animals'as being infected by 
either BDV or hog cholera virus, since hog cholera is an 
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economically important disease, while the bovine 
diarrhea infection is of transient significance* and 
could, for the most part, be ignored. Hogs infected 
with cholera must be slaughtered, and since present 
diagnostic methods in hogs cannot distinguish between 
these two types of infection, hogs which are. in fact, 
only infected with BDV must also be destroyed. 

Present means of detection of BDV infection in 
calves are equally deficient, in that they rely on 
titration for antibodies in sera, which titration will 
fail to detect the immunotolerant calves. Thus, a 
diagnostic method is desired, but presently unavailable, 
which is capable both of detecting the presence of the 
virus in newborn animals with chronic infections, and in 
distinguishing between hog cholera virus and BDV 
infections. This could be accomplished either using 
antibodies with high affinity and specificity for the 
virus particles or using nucleic acid oligomeric probes 
capable of specific hybridization to the viral sequences. 

Similarly, in addition to the need for improved 
diagnostics, there is. at present, no effective vaccine 
which is successful in preventing the - apread" of the 
disease caused by BDV. It is. of course, desirable that 
such a vaccine would confer long-term immunity, would 
not infect the fetus of the inoculated animal, and would 
have no undesirable side effects such as induction of 
immunotolerance to the virus, or depression of the 
immune system. These characteristics are difficult if 
not impossible to acquire In an attenuated or killed 
virus vaccine. Such vaccines, for the most part, 
constitute the present state of the art (Saurat. P.. et 
al. "La Maladie des Muqueuses tt (1972) pp. 229-251. 
L'Expansion scientific francaise Paris). Recently. 
Fernelius. A. L. . et al. ( Am J Vet Res (1971) 
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12:1963-1979) have reported a vaccine prepared from a 
high molecular weight soluble antigen obtained by 
density gradient centrifugation from BDV virus grown in 
embryonic bovine kidney cells. 
5 The approaches used in the art for the 

detection of and protection against bovine viral 
diarrhea have been largely empirical and have not 
utilized refined knowledge of the nature of the vector 
causing the disease. The bovine diarrhea virus has. 

10 however, been classified, along with hog cholera and 

border disease viruses as a pestivirus which is a member 
of the family Tooavlridae (Porter field, J. s.. "The 
Togavirions. Biology, structure. Replication" 
Schlesinger. W.. Ed. (19B0), Academic Press, pp. 

15 17-24). 

By analogy to other togaviruses, these viruses 
should contain a capsid protein and two or three 
membrane glycoproteins (Horzinek, H.C.. Non-arthrpod- 
borne Togaviruses (1981). Academic Press, London. 

20 Epitopes which are capable of raising antibodies 

associated with neutralization and protection against 
infection are expected to be contained in the membrane 
proteins (e.g.. see Boere. W. # et al. J Virol (1984) 
52^:572-582) . The pestiviruses are also characterized by 

25 soluble antigens that are approximately 80 KD proteins. 
A 76 kD protein from BDV has. in fact, been used as an 
experimental vaccine (Fernelius, A.L.. et al. supra). 

Disclosure of the Invention 

The invention provides cDNA copies of the 
30 entire bovine diarrhea virus RNA genomic sequence. This 
makes available the entire repertoire of peptides 
synthesized by the virus, and makes possible the 
preparation of proteins which contain epitopes effective 
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and specific in generating desired antibodies and, in 
providing cells suitable for production of monoclonal 
antibodies* The primary structure of the genome also 
provides the necessary information to construct 
oligomeric sequences useful as diagnostic probes. 

The protein products are thus able to serve as 
vaccines to protect animals subject to infection by this 
virus from subsequent illness. The accessibility of the 
entire genome provides opportunities for production of 
effective proteins, such as major virion components and 
individual virion subunits which would be unavailable 
using "native" production techniques, i.e., from viral 
infection of tissue cultured cells. 

Accordingly, in one aspect, the invention 
relates to a nucleotide sequence substantially identical 
with that representing the entire genome of BDV as shown 
in Figure 2. other aspects of the invention concern DNA 
or RN& sequences derived from portions of the genome, 
said sequences not necessarily representing contiguous 
portions. These are useful both as diagnostic probes 
and as coding sequences for desired proteins. 

Other aspects of the invention include 
expression systems for the foregoing DNA derived from 
BDV which are effective in expressing_ this -DNA in 
suitable heterologous hosts, including procaryotes. 
yeast, and mammalian cells. Live viral vectors, such as 
vaccinia , can also be used as carriers, and permit 
expression of the desired antigens along with the 
carriers 1 proteins in Infected cells. Also included in 
the invention are hos_tfl .transformed with these 
expr ession systems and the proteins thus produced. The 
proteins produced in this way. or chemically synthesized 
to correspond to the deduced sequence, may be used as 
vaccines either alone, or in conjunction with carrier 
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pcoteins which enhance their immunogenicity. In 
addition, the proteins may be used, either alone or 
conjugated with carrier, to elicit production of 
antibodies which are useful in diagnosis of carriers of 
the disease or in other immunoassays related to BDV. 

The invention also relates to methods for 
preparing these polypeptide vaccine s an d 
immunoglobulins, and to methods of using the materials 
thus prepared. 

Brief Description of the Drawings 

Figure 1 shows the map of overlapping segments 
of cDNA which, together, make up the entire BDV genomic 
sequence and cDNA fragments used to construct E- coll 
expression vectors. 

Figure 2 shows the complete nucleotide sequence 
for the BDV genome. The cDNA contains the identical 
sequence, except, of course, that T will be substituted 
for U. The deduced amino acid sequence, based on the 
open reading frame, and confirmed by expression of 
segments is also shown. 

Modes of carrying Out the Invention 
A. Definitions 

As used herein, a nucleotide sequence 
"substantially identical" to the exemplified BDV genome 
refers to a sequence which retains the essential 
properties of the exemplified polynucleotide. A 
specific, but non-limiting example of such substantial 
equivalence would be represented by a sequence which 
encodes the identical or substantially identical amino 
acid sequence, but. which, because of codon degeneracy, 
utilizes different specific codons. Nucleotide changes 
are, indeed, often desirable to create or delete 





-6- 



restrictlon sites, provide processing sites, or to alter 
the amino acid sequence in ways which do not adversely 
affect functionality. "Nucleotide sequence" refers both 
to a ribonucleotide and a deoxyribonucleotide sequence 
5 and includes the positive sense strand, as shown, and 
the negative sense strand as veil. 



sequence which comprises the genome of BDV refers to a * 
DNA sequence which is comprised of a region of the 

10 genomic nucleotide sequence, or a combination of regions 
of that sequence. These regions are, of course, not 
necessarily physically derived from the nucleotide 
sequence of the gene, but refer to polynucleotides 
generated in whatever manner which have the same or 

IS "substantially identical" sequence of bases as that in 
the region(s) from which the polynucleotide is derived. 
For example, typical DNA sequences "derived from" the 
BDV genome include fragments encoding specific epitopes, 
fragments encoding portions of the viral polypeptide, • 

20 sequences encoding the capsid proteins, sequences 

encoding deleted virions, and sequences encoding other 
useful viral genes. 



"cells", "cell lines", "cell cultures", and other such 
25 terms denoting microorganisms or higher eucaryotic cell 
lines cultured as unicellular entities, are used 
interchangeably, and refer to cells which can be. or 
have been, used as recipiepts for recombinant vector or 
other transfer DNA. and include the progeny of the 
30 original cell transfected. It is understood that the 

progeny of a single parental cell may not necessarily be 
completely identical in morphology or in genomic or 
total DNA complement as the original parent, due to 
accidental or deliberate mutation. Progeny of the 



A DNA sequence "derived from" the nucleotide 



"Recombinant host cells", "host cells". 
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parental cell which ace sufficiently similar to the 
parent to be characterized by the relevant property, 
such as the presence of a nucleotide sequence encoding a 
desired peptide, are included in the progeny intended by 
5 this definition, and are covered by the above terms. 

"Control sequence" refers to DNA sequences 
which are necessary to effect the expression of coding 
sequences to which they are ligated. The nature of such 
control sequences differs depending on the host 

10 organism; in procaryotes, generally such control 
sequences Include a regulatory region promoter and 
ribosome binding site and termination signals; in 
eucaryotes, generally, such control sequences include 
promoters* terminators, and, in some instances, 

15 transcriptional enhancers* The term "control sequences" 
is intended to include, at a minimum, all components 
whose presence is necessary for expression, and may also 
include additional components whose presence is 
advantageous. 

20 "Operably linked- refers to a juxtaposition 

wherein the components so described are in a 
relationship permitting them to function in their 
intended manner. A control sequence "operably linked" 
to a coding sequence is ligated in such a way that 

25 expression of the coding sequence is achieved under 
conditions compatible with the control sequences. 

B. General Description 

At the center of the present invention is the 
provision of a nucleotide sequence containing the entire 
30 genome of bovine diarrhea virus. The availability of 
this complete polynucleotide permits the design and 
production of oligomeric probes for diagnosis, of 
vaccines effective against BDV, and of proteins useful 
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in production of neutralizing antibodies. Sequencing 
information available from the genome allows the amino 
acid sequence of the polypeptide to be deduced, and 
locations of favorable epitopes surmised. Further, once 
5 the desired sequences are chosen, appropriate fragments 
of the genome can be obtained and expressed 
independently, thus providing desired polypeptides. 
Short polypeptide fragments may also be chemically 
synthesized and linked to carrier proteins for use as 
10 immunogens. Recombinantly expressed polypeptides may be 
provided under conditions offering a favorable 
environment for processing into, for example, 
conjugation with cellular or artificial membranes which 
could thus bear the epitopic sites without the 
15 disadvantages of using an infectious virus. Mammalian 
and yeast cells provide suitable environments for such 
expression. In addition, the epitopes may be produced 
linked to a particle forming protein. 

The above proteins produced may, themselves be 
20 used as vaccines, or may be used to induce 

immunocompetent B cells in hosts, which B cells can then 
be used to produce hybridomas that secrete antibodies 
* useful in passive immunotherapy and diagnosis. 

B.l. Nucleotide Sequence of the BDV Genome 
25 The genomic sequence of BDV was obtained from 

cDNA clones representing overlapping sections of the 
entire viral RNA genome (Figure 1). The viral RNA was 
isolated from virus grown on bovine embryonic Kidney 
cells. The viral RNA was fractionated on sucrose 
30 gradients, and those fractions containing RNA of 

sufficient length to contain the intact genome were 

pooled, ethanol precipitated, and used to prepare a cDNA 

library. cDNA Inserts were screened initially using a j 
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(+/-) system. Positive hybridizations were against UNA 
isolated from virus after lysis o£ infected ceils, 
negative hybridizations were against RNA isolated from 
uninfected cells. One insert having the proper +/- 
response was then used as a reference clone to map the 
remainder of the library. Several colonies hybridizing 
to the positive insert were used to obtain additional 
portions of the viral genome from the cDNA library using 
"walking" techniques. Ten cDNA clones were obtained 
representing overlapping portions of the viral genome, 
as shown in Figure 1. and were subjected to restriction 
mapping and sequencing. The entire genomic sequence was 
deduced from these ten cDNA inserts, and is shown in 
Figure 2. 

15 The illustrated DNA sequence and portions 

thereof ate useful directly as diagnostic tools for 
detecting the presence of BDV in infected animals. 
These are particularly useful in distinguishing BDV 
infections from hog cholera virus. Methods to employ 

20 DNA hybridization in diagnosing disease have been 

disclosed in U.S. Patent No. 4.358.535 to Falkow. As 
set forth therein, biological samples may be used 
directly in obtaining Southern blots using suitable 
probes. Since the BDV genome is different from that of 

25 hog cholera virus, specific portions of the BDV sequence 
may be used to detect the presence of corresponding 
complementary sequences in biological samples from 
subjects suspected of harboring the infection. 

B - 2 - Preparati on of Viral Polypeptide Fragments in 
30 E. coll 

The availability of the entire genomic sequence 
permits construction of expression vectors encoding 
presumptively antigenically active regions of the virion 
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proteins. Fragments encoding the desired proteins are 
obtained from the cDNA clones using conventional 
restriction digestion and ligated into a series of 
vectors containing polylinker sites in all possible 
reading frames to generate fusion proteins at the 
C-terminal end of 8-galactosidase. Eleven portions of 
the BDV genome were expressed as B-gal fusions in 
coli using this approach, as outlined in Figure 1. 
These portions were obtained by restriction cleavage 
and/or ligation of the ten original clones, or the 
original cloned sequences were used directly. The 
fusion proteins thus produced may be immunogenic. 

B.3. Preparation of Antige nic Polypeptides and 
Conjugation with Carrier 

Peptide regions representing epitopes can be 
synthesized using chemical or recombinant methods, and 
provided with, for example, cysteine residues at the C- 
ter.ninus which provide means for linking the peptides to 
neutral carrier proteins. A number of techniques for 
obtaining such linkage are known in the art. including 
the formation of disulfide linkages using common 
reagents such as N-succinimidyl-3-(2-pyridyldi- 
thio)propionate (SPDP) and B uccinimidyl-4-(N- 
maleimido-methyl)cyclohexane-l-carboxylate (SMCC) 
obtained from Pierce Company. Rockford. Illinois. These 
reagents create a disulfide linkage between themselves 
and peptide cysteine residues in one protein and an 
amide linkage through the c-amino on a lysine, or 
other free amino group in the other. A variety of such 
disulfide/amide-forming agents are known. See. for 
example. Immun Rev (1982) 62:185. Other bifunctional 
coupling agents form a thioether rather than a disulfide 
linkage. Many of these thioether-f orming agents are 
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commercially available and include ceactive esters of 
6-maleimidocaproic acid. 2-bromoacetic acid, 
2-iodoacetic acid. 4-(N-maleimido-methyl) 
cyclohexane-l-carboxylic acid, and the like. The 
5 carboxyl groups can be activated by combining them with 
succinimide or l-hydroxy-2-nitro-4-sulf onic acid, sodium 
salt. The foregoing list is not meant to be exhaustive, 
and modifications of the named compounds can clearly be 
used. 

10 Any carrier may be used which does not itself 

induce the production of antibodies harmful to the 
subject, such as the various serum albumins, tetanus 
toxoids, or keyhole limpet hemocyanin (KLH) . 

The conjugates, when injected into suitable 

15 subjects, result in the production of antisera which 
contain immunoglobulins specifically reactive against 
not only these conjugates, but also against fusion 
proteins carrying the analogous portions of the 
sequence, and against whole BDV. 

20 B.4. Preparation of Mammalian Cell Membranes 
Containing BDV Epitopes 

Portions of the cDNA library comprising the BDV 
genome were also ligated into .expression vectors 
compatible with mammalian recombinant host cells; in the 

25 illustration below, into a mammalian/bacterial shuttle 
vector containing a linker sequence downstream of the 
SV40 early promoter, which* is followed by the polyA 
sequence also derived from SV40. Alternate vectors to 
this particular host vector. pSV7d. could, of course. 

30 also be used. The mammalian-compatible vectors 
containing the coding sequences for the desired 
polypeptides are then transformed into suitable 
mammalian cells for expression of the sequences and. in 
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the case of surface glycoproteins, transport of the 
produced protein to the membrane. The cells are 
ultimately harvested and used as whole cells in the 
formulation of vaccines, or the membranes are disrupted 
and portions of the membranes used correspondingly, or 
the proteins purified and formulated into vaccines. 

B.5. Preparation of Hybrid Particle Immunoqens 
Containing BDV Epitopes 

The immunogenic ity of the epitopes of BDV may 
10 also be enhanced by preparing them in mammalian or yeast 
systems fused with particle-forming proteins such as 
that associated with hepatitis B virus (HBV) surface 
antigen (HBsAg). Constructs wherein a BDV epitope is 
linked directly to the particle-forming protein coding 
15 sequences produce hybrids which are immunogenic with 

respect to the BDV epitope, as well as to HBV epitopes. 

Hepatitis B surface antigen has been shown to 
be formed and assembled in S. cerevislae (Valenzuela et 
al. Nature (1982) 298:344-350. The formation of such 
20 particles has been shown to enhance the immunogenic ity 
of the monomer subunit. The particles can also be 
formed from constructs which contain the presurface 
(pre-S) region in addition to the mature surface 
antigen. The pre-S region encodes an immunodominant HBV 
25 epitope and these proteins are expressed in yeast 

(Neurath et al # science (1984) 224:392-394). Expression 
of constructs encoding pre*-S region fused to particle 
forming protein are disclosed in U.S. Serial No. 
621.756. filed 18 June 1984. Expression of coding 
30 sequences for hybrid particles containing HBsAg and a 
heterologous epitope are disclosed in U.S. Serial No. 
650.323. filed 13 September 1984. The foregoing 
applications are assigned to the herein assignee and 
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incorporated by reference. These constructs may also be 
expressed In mammalian cells such as Chinese hamster 
ovary cells using an SV40-dihydrof olate reductase vector 
(Michelle et al, Int Svmp on Viral Hepatitis (1984)).. 
5 in addition, portions of the particle-forming 

protein coding sequence per se may be replaced with 
codons for an BDV epitope. In this replacement, regions 
which* are not required to mediate the aggregation of 
units to form immunogenic particles in yeast or mammals 
10 can be deleted, thus eliminating additional hepatitis B 
antigenic sites from competition with the BDV epitope. 

B.6. Vaccinia Carrier 

Large, vide host range virus carriers have also 
been used in formulating vaccines by integrating the 

15 epitopic regions of the desired immunogen into the 

carrier viral genome. Vaccinia virus, in particular, 
has been used for this purpose. For example. Smith, 
G.L., et al. Ptoc Natl Acad Sci (USA) (1983) 
80:7155-7159. disclose the integration of the 

20 hemagglutinin gene from influenza virus into the 

vaccinia genome and use of the resulting recombinant 
virus as a vaccine. Similarly, Panicali, D. , et al. 
.ibid (1982) 29:4927-4931. cloned the thymidine kinase 
gene from Herpes simplex virus into vaccinia . The 

25 availability of the BDV genome of the invention offers 
similar opportunities. The recombination is generally 
done by co-infecting cells* both with vaccinia virus and 
with a chimeric plasmid carrying the desired coding 
sequence under the control of the transcriptional 

30 regulatory signals and RNA start site from the vaccinia 
virus gene adjacent to a translational start 
site/foreign protein coding sequence. During infection 
the similarity in the flanking DNA sequences of the 
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foreign DNA sequences to those in vaccinia causes 
integration of the desired portion of the chimeric 
plasmid into the vaccinia genome. The resulting 
recombinant vaccinia can be harvested from the infected 
cells and used in the formulation of a vaccine. 
Vaccinia virus has an extremely large (120 x 10 6 
dalton) genome, and may be very easily grown in 
culture*. Hence . the production of large amounts of 
inexpensive immunogenic vaccine is readiiy possible. 

B.7. Preparation of Vaccines 

Preparation of vaccines which contain peptide 
sequences as active ingredients is also well understood 
in the art. Typically, such vaccines are prepared as 
injectables. either as liquid solutions or suspensions; 
solid forms suitable for solution in, or suspension in. 
liquid prior to injection may also be prepared. The 
preparation may also be emulsified or the protein 
encapsulated in liposomes. The active immunogenic 
ingredient is often mixed with excipients which are 
pharmaceutical^ acceptable and compatible with the 
active ingredient. Suitable excipients are, for 
example, water, saline, dextrose, glycerol, ethanol. or 
the like and combinations thereof. In addition, if 
desired, the vaccine may contain minor amounts of 
auxiliary substances such as wetting or emulsifying 
agents. pH buffering agents, or adjuvants which enhance 
the effectiveness of the vaccine. The vaccines are 
conventionally administered parenterally, by injection, 
for example, either subcutaneously or intramuscularly. 
Additional formulations which are suitable for other 
modes of administration include suppositories and, in 
some cases, oral formulations. For suppositories, 
traditional binders and carriers may include, for 
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example. polyalkaline glycols or triglycerides; such 
suppositories may be formed from mixtures containing the 
active ingredient in the range of 0.5\ to 10\. 
preferably l\-2\. Oral formulations include such 
5 normally employed excipitents as, for example, 
pharmaceutical grades of manitol. lactose, starch 
magnesium stearate. sodium saccharine, cellulose, 
magnesium carbonate and the like. These compositions 
take the form of solutions, suspensions, tablets, pills. 

10 capsules, sustained release formulations or powders and 
contain 10\-95\ of active ingredient, preferably 25\-70*. 

The proteins may be formulated into the vaccine 
as neutral or salt forms. Pharmaceutically acceptable 
salts, include the acid addition salts (formed with the 

15 free amino groups of the peptide) and which are formed 
with inorganic acids such as. for example, hydrochloric 
or phosphoric acids, or such organic acids as acetic, 
oxalic, tartaric, mandellc. and the like. Salts formed 
with the free carboxyl groups may also be derived from 

20 inorganic bases such as. for example, sodium, potassium, 
ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropylamine. t rime thy lamine. 
2-ethylamino ethanol. histidine, procaine, and the. like. 
The vaccines are administered in a manner 

25 compatible with the dosage formulation, and In such 
amount as will be therapeutically effective and 
immunogenic. The quantity to be administered depends on 
the subject to be treated. . capacity of the subject's 
immune system to synthesize antibodies. ' and the degree 

30 of protection desired. Precise amounts of active 

ingredient required to be administered depend on the 
judgment of the practititioner and are peculiar to each 
subject. 
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B. 8 . Preparation of Mabs Against BDV Epitopes 

The immunogenic proteins or immunoconjugates 
prepared as described above may be used to obtain 
peripheral blood lymphocytes and spleen cells in 
5 injected mammals to prepare hybridomas capable of 

secreting monoclonal antibodies directed against these 
epitopes. The resulting monoclonal antibodies are 
particularly useful in diagnosis, and, those which are 
neutralizing are useful in passive immunotherapy. 



10 C- General Methods 

The general techniques used in extracting UNA 
from the virus* preparing and probing a cDNA library* 
sequencing clones, constructing expression vectors, 
transforming cells, and the like are known In the art 

15 and laboratory manuals are available describing these 
techniques. However, as a general guide, the following 
sets forth some sources currently available for such 
procedures, and for materials useful in carrying them 
out. 



20 C.l. Hosts and Expression Control Sequences 

Both procaryotic and eucaryotic host cells may 
be used for expression of desired coding sequences when 
appropriate control sequences are used compatible with 
the designated host. Procaryotes are more useful for 

25 cloning: either procaryotes or eucaryotes may be used 
for expression* Among procaryotic hosts, E. coli is 
most frequently used, mostly for convenience. 
Expression control sequences for procaryotes include 
promoters, optionally containing operator portions, and 

30 ribosome binding sites. Transfer vectors compatible 
with procaryotic hosts are commonly derived from, for 
example, pBR322, a plasmid containing operons conferring 
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ampicillin and tetracycline resistance, and the various 
pUC vectors , which also contain sequences conferring 
antibiotic resistance. The foregoing operons may be 
used as markers to obtain successful transf ormants by 
5 selection. Commonly used procaryotic control sequences 
include the fl lactamase (penicillinase) and lactose 
promoter systems (Chang . et al # Nature (1977) 198 :1056, 
the tryptophan (trp) promoter system (Goeddel. et al. 
Nucleic Acids Res (1980) 8_:4057) and the \ derived 
10 promoter and N gene ribosome binding site 

(Shimatake. et al t Nature (1981) 292:128). The 
foregoing systems are particularly compatible with 
coli : if desired other procaryotic hosts such as strains 
of Bacillus or Pseudomonas may be used, with 
15 corresponding control sequences. 

Eucaryotic hosts include yeast and mammalian 
cell culture. Saccharomvces cerevlsciae . or Baker's 
yeast and Saccharomvces carlsberoensis are the most 
commonly used yeast hosts, again because of 
20 convenience. Yeast compatible vectors carry markers 
which permit selection of successful transf ormants by 
conferring prototrophy to auxotrophic mutants or by 
conferring antibiotic resistance or resistance to heavy 
metals on wild-type strains. Yeast compatible vectors 
25 may employ the 2 micron origin of replication (Broach, 
J., et al. Meth Enz (1983) 101:307) the combination of 
CEN3 and ARS1. or other means for assuring replication, 
such as sequences which will result in incorporation of 
the appropriate fragment into the host cell genome. 
30 Control sequences for yeast vectors include promoters 

for the synthesis for glycolytic enzymes (Hess, et al. J 
Adv Enzyme Reg (1968) 7:149. Holland, et al. 
Biochemistry (1978) 17:490b). and the promoter for 3 
phosphoglycerate kinase (Hitzeman. et al. J Biol Chem 
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(1960) 255:2073). Foe yeast expression, terminators may 
also be included* such as those derived from the enolase 
gene (Holland. M. J,. J Biol Chem (1981) 256:1385), 
Particularly useful control systems include those 
5 specifically described herein, which comprise the 
glyceraldehyde-3 phosphate dehydrogenase (GAPDH) 
promoter or alcohol dehydrogenase (ADH) regulatable 
promoter, terminators also derived from GAPDH. and. if 
secretion is desired, leader sequence from yeast alpha 

!0 factor. These systems are described in detail in U.S. 
Serial Nob. 468.569 and 522.909. filed 22 August 1983 
and 12 August 1983. respectively, assigned to the same 
assignee, and incorporated herein by reference. 

Mammalian cell lines available as hosts for 

15 expression include many immortalized cell lines 

available from the American Type Culture Collection, 
including HeLa cells. Chinese hamster ovary (CHO) cells* 
baby hamster kidney (BHK) cells, and a number of other 
cell lines. Suitable promoters for mammalian cells 

20 prominently include viral promoters such as that from 
Simian virus 40 (SV40) (Fiers, et al. Nature (1978) 
273 :113) or other viral promoters such as the Rous 
sarcoma virus (RSV) adenovirus, and bovine papiloma 
virus (BPV) . Mammalian cells may also reguire • 

25 terminator sequences. Vectors suitable for replication 
in mammalian cells may include viral replicons, or 
sequences which insure integration of the appropriate 
sequences into the host genome. 

C.2. Transformations 
30 The transformation procedure used depends on 

the host to be transformed. Bacterial transformation 
generally employs treatment with calcium or rubidium 
chloride (Cohen. S. N.. Proc Natl Acad Sci (USA) (1972) 
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69.:2110, Maniatis. et al f Molecular Cloning: A, 
Laboratory Manual (1982) Cold Spring Harbor Press, p. 
254). Yeast transformations may be carried out using 
' the method of Hinnen, A., et al» Proc Natl Acad Sci 

5 (USA) (1978) 75:1929-1933. Mammalian transformations 
are conducted using the calcium phosphate precipitation 
method of Graham and van der Eb, Virology (1978) 52:546. 
oc the various modifications thereof. 

J C . 3 . Vector Construction 

10 Vector construction employs techniques which 

ace by now quite well understood. Site-specific DNA 
cleavage is performed by treating with suitable 
restriction enzyme under conditions which generally are 
specified by the manufacturer of these commercially 
J 15 available enzymes (see, e.g.. The New England Biolabs 

Product Catalog). In general, about 1 vg of plasmid 
or DNA sequence is cleaved by 1 unit enzyme in about 20 
Ul buffer solution for an incubation time of about 1-2 
he at about 37°C. After incubation with the restriction 
20 enzyme, protein is removed by phenol/chloroform 

extraction and the DNA recovered by reprecipitation with 
J ethanol. The cleaved fragments may be separated using 

polyacrylamide or agarose gel electrophoresis 
techniques, according to the general procedures found in 
25 Methods in Enzvmology (1980) 65:499-560. 

Sticky ended cleavage fragments may be blunt 
ended using E. coli DNA polymerase I (Klenow) in the 
^ presence of the appropriate deoxynucleotide 

triphosphates (dNTPs) using incubation conditions 
30 appropriate to the polymerase. The polymerase digests 
protruding 3' single strands, but fills in 5 1 protruding 
ends, according to the dNTPs present in the mixture. 
Treatment with SI nuclease may also be used, as this 

J 
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results in hydrolysis of any single stranded DNA 
portion. 

Ligations are carried out using standard buffer 
and temperature conditions using T4 DNA ligase. and ATP; 
5 sticky end ligations require less ATP and less ligase 
than blunt end ligations. When vector fragments are 
used as part of a ligation mixture, the vector fragment 
is often treated with bacterial alkaline phosphatase 
(BAP) in order to remove the 5' phosphate and thus 
10 prevent religation of the vector: alternatively. 

restriction enzyme digestion of unwanted fragments can 
be used to prevent religation. 

Ligation mixtures are transformed into suitable 
cloning hosts, such as E. coll . and successful 
15 transformants selected by. for example, antibiotic 

resistance, and screened for the correct construction, 

C.4. Construction of Desired DNA Sequences 

Synthetic oligonucleotides may be prepared 
using an automated oligonucleotide synthesizer as 
20 described by Warner. B. D. • et al. DNA (1984) 

3:401-411. If desired, these synthetic strands may be 
kinased for labeling with 32 P by using an excess of 
polynucleotide kinase in the presence of labeled ATP. 
under standard kinasing conditions 
25 DNA sequences including those isolated from 

genomic or cDNA libraries may be modified by site 
directed mutagenesis, as described by Zoller. M. et al. 
Nucleic Acids Res (1982) 10:6487-6499. Briefly, the DNA 
to be modified is packaged into phage as a single 
30 stranded sequence, and converted to a double stranded 
DNA with DNA polymerase using, as a primer, a synthetic 
oligonucleotide complementary to the portion of the DNA 
to be modified, and having the' desired modification 
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included In its own sequence. The resulting double 
stranded DNA is transformed into a phage supporting host 
-j bacterium, and cultures of the transformed bacteria, 

which will contain replications of each strand of the 
5 phage, are plated in agar to obtain plaques. 

Theoretically 50* of the new plaques will contain phage 
having as a single strand the mutated form: 50* will 
have the original sequence. Replicates of the plaques 
are hybridized to kinased synthetic probe at 
I 10 temperatures and conditions which permit hybridization 

with the correct strand, but not with the unmodified 
sequence. The thus identified, desired, modified 
sequences are then recovered and cloned to serve as 
sources for the desired DNA. 

15 C.5. Hybridization with Prnh« 

DNA libraries are probed using the procedure of 
Grunstein and Hogness ( Ptoc Natl Acad Sci (USA) (1975) 
21:3961). Briefly, in this procedure, the DNA to be 
probed is immobilized on nitrocellulose filters. 

20 denatured, and prehybridized with a buffer containing 

0-50* formamide, 0.6 K NaCl. 60 mH sodium citrate. 0.02* 
(wt/v) each of bovine serum albumin, polyvinyl 
pyrollidine, and Ficoll. 50 mM sodium, phosphate (pH 
6.5). 1* glycine, and 100 ug/ml carrier denatured 

25 DNA. The percentage of formamide in the buffer, as well 
as the time, and temperature conditions of the 
prehybridization and subsequent hybridization steps 
depends on the stringency desired. Oligomer tc probes 
which require lower stringency conditions are generally 

30 used with low percentages of formamide, lower 

temperatures, and longer hybridization timeB. Probes 
containing more than 30 or 40 nucleotides such as those 
derived from cDNA or genomic sequences generally employ 
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higher temperatures, e.g. about 40*42° and a high 
percentage, e.g. 501 formamide. Following 
prehybridization, this same buffer, now containing the 

32 

P kinased oligonucleotide probe, is added to obtain 
5 hybridization. Radioautography of the treated filters 
shows the location of the hybridized probe, and the 
corresponding locations on replica filters which have 
not been probed can then be used as the source of the 
desired DNA. 

10 C.6. Verification of Construction and Sequencing 

For routine vector constructions, ligation 
mixtures are transformed into E. coli strain HB101 or 
other suitable host, and successful transf ormants 
selected by antibiotic resistance or other markers. 

15 Plasmids from the transf ormants are then prepared 

according to the method of Clewell. D. B.. et al. Proc 
Natl Acad Sci (USA) (1969) 62:1159, usually following 
chloramphenicol amplification (Clewell, D. B., J 
Bacteriol (1972) 110:667). The isolated DNA is isolated 

20 and analyzed by restriction analysis, or sequenced by 
the dideoxy method of Sanger. F., et al. Proc Natl Acad 
Sci (USA) (1977) 21:5463. as further described by 
Messing, et al. Nucleic Acids Res (1981) 9:309. or by 
the method of Maxam. et al. Methods--ln Enzvmoloqy (1980) 

25 65:499. 

D. Examples 

The following examples are intended to 
illustrate but not limit the invention. The procedures 
set forth, for example, in Is D.l and D.2 may. if 
30 desired, be repeated but need not be. as techniques are 
available for construction of the desired nucleotide 
sequences based on the information provided by the 
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invention. Expression is exemplified in E. coli and in 
yeast, however other systems ace available as set forth 
more fully in tC.l. Additional epitopes derived from 
the genomic structure may also be produced, and used to 
5 generate antibodies as set forth below. 

D-l. Preparation of cDNA 

D.l.a. Production of BVD Virus 
Bovine Embryonic Kidney cells (BEKI) cells were 
grown in MEM (Earl's) containing 0.85 g/1 NaHC<> 3 and 

10 lo\ of irradiated fetal calf serum. The biologically 
cloned Osloss strain of BVD virus was passaged 5 times 
through BEKI cells at a multiplicity of 0.1. Cytopathic 
effects, consisting of clustering of cells followed by 
vacuolation and then cell lysis, were readily observable 

15 from the first passage. Final titers (~ lb B pfu/ml) 
were obtained after recovery of virus by freezing and 
thawing of infected cells. 

For the virus production. 175 cm 2 plastic 
flasks of subconfluent BEKI cells were used. The cells 

20 were washed 3 times with infection buffer (MEM (Earl's) 
+ 2.2 g/1 NaHC0 3 . pH 7.6) and then were infected with 
2 ml of BVD in infection buffer at a multiplicity of 
0.05 pfu/cell. After 1 hr at 35°C. 18 ml of infection 
buffer was added and the cells were incubated for 4-5 

25 days at 35°C f after which cytopathic effect (vacuolation 
followed by cells lysis) was greater than 80\. In a 
typical production, 150 flasks of cells were infected. 
The medium (about 3 liters) was collected and stored at 
4°C. The remaining cells were scraped in 2 ml of 

30 infection buffer/flask, subjected to 3 cycles of 

freezing and thawing, and the final suspension was added 
to the infection medium. After a centrifugation at 
10.000 g for 30 min, the supernatant was concentrated 
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10-fold by ultracentrifugation at 120,000 9 foe 4 hes 
and 40 min at 4°C. 

Infectious virus had a density of 1.12 g/ml as 
measured by isopicnic banding in sucrose density 
5 gradient, and appeared as 45-55 nm spherical particles 
by electron microscopy. The virus preparations were 
neutralized by anti-BVD antiserum from rabbits injected 
with virus or from bovines. 

D.l.b. Extraction and Purification of Viral RNA 

10 RNA was isolated from the virus pellet by the 

CsCl/guanidinium thiocyanate method as described by 
Chirgwin, et al. Biochemistry (1979) 18:3294. and the 
purified RNA stored in 70\ ethanol at -20°C. This RNA 
preparation contained a large amount of contaminating 

15 low molecular weight cellular RNA and intact viral RNA. 
Viral RNA was further purified by sucrose density 
gradient centr if ugation as follows: 

An aliquot containing an estimated amount -of 5 
vg of BVD-RNA was centr if uged at 10 9 000 g for 15 min 

20 at 4°C. The pellet was washed with BOX ethanol. 

denatured in 375 ul of 99\ DMSO (99\). 5 mH Tris-HCl 
(pH 7.5) and Incubated for 5 min at 37°C. After 
addition of 1.125 ml of 5 mH Tris HCl_(pH 7.5), ImH 
EDTA # IX Sarkosyl. the solution was heated for 2 min at 

25 70°C and quenched on ice. This solution was distributed 
on 5x15-30* sucrose gradients in 5 mH Tris HC1 (pU 7.5). 
10 mH EDTA. O.IH NaCl. XX Sarkosyl (in sterile 
siliconized Beckman SW40 tubes). A sixth gradient was 
loaded with 3* end labeled RNA as a marker (see below). 

30 After a centrif ugation for 16 hrs at 19,000 rpm (20°C), 
the gradients were fractionated (1 ml fractions). The 
RNA from each fraction of the gradient corresponding to 
that containing marker-labeled RNA was precipitated with 
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2.5 volumes of ethanol in the presence of carrier yeast 
RNA (10 ug) and subjected to formaldehyde agarose gel 
electrophoresis, Lehrach. et al. Biochemistry (1977) 
16: 4743 . to determine which fraction contained the 
5 BDV-RNA band. Fractions corresponding to those 

containing the BDV-RNA, were pooled from the parallel 
gradients and precipitated with 2.5 volumes of ethanol, 
washed wi.th eo\ ethanol and stored at -20°C in 70\ 
ethanol. 

10 The purified viral RNA was labeled with 

32 

P-PCp (3000 Ci/n mol) according to England, et al, 
Meth Enzvmol (19B0) 65:65-74, and analyzed by agarose 
gel electrophoresis in the presence of 2.2 M 
formaldehyde as described in Lehrach, et al, (supra). 

15 Fluorography was done with 3 H-Enhancer (NEN) as 
recommended by the manufacturer. 

The majority of the radioactivity was 
associated with low molecular weight RNA (less than 2 
kb). but a small proportion was found in a high 

20 molecular band approximately 12.5 kb, identified as RNA 
by labeling properties with RNA ligase, its sensitivity 
to RNAse and alkali, and resistance to DNAse and 
proteinase K. In agreement with other reports on 
togavi ruses of the flavivirus group, the BDV-RNA did not 

25 bind to oligo dT cellulose, showing either the absence 
of a polyA stretch at the 3' end. or that, if present, 
the poly A is extremely short. Control Sindbis virus RNA 
was properly retained by the same column. 

These properties of the 12.5 kb band were 

30 identical with those shown by RNA extracted from BEKI 
cells, grown as follows: 

2 

BEKI cells were grown in 25 cm plastic 
flasks, washed 3 times with infection buffer, and 
infected at multiplicities of 50-100 pfu/cell with 1 ml 
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of BDV solution. After one hour at 35°C # 4 ml of 
infection buf fee was added and the incubation was 
continued. After 12. IS, 18. 21 and 36 hrs (36 hr 
corresponds to a complete cycle of BDV replication), the 
5 newly synthesized RNA was labeled with H-uridine (100 
uCi/dish). Uninfected cellular RNA harvested after 18 
hrs of incubation was also analyzed. After 30 min of 
labeling, the cellular RNA was extracted using the 
CsCl/guanidinium thlocyanate method of Chirgwin et al, 

10 1979 (supra). The pellet of RNA. obtained after 

ultracentrifugation through a 5.7 H CsCl cushion, was 
directly analyzed by formaldehyde agarose gel 
electrophoresis and gel was dried and f luorographed. In 
all the incubation times tested, a 12.5 Kb band which is 

15 absent in the uninfected cells could be detected which 
has the same physico-chemical properties as shown by the 
RNA above. 

D.l.c. Preparation of cDNA 
The viral RNA isolated from the virus in 
20 ID.l.b. was polyadenylated using the method of Sippel. 
Eur J Biochem (1973), 37:31-40. Briefly, the estimated 
amount of 0.7 ug of purified BVD RNA was incubated in 
5 ml of 5 raM methylmercury hydroxide for 10 min at room 
temperature and incubated for 6 min at 37°C with 20 
25 units of polyA polymerase (BRL) and 500 iiCi of 

3 H-ATP (36 Ci/mmol. Amersham) in 50 vl of 50 mM HC1 
(pH 7.5). 10 inH MgCl 2# 2.5. mM MnCl 2# 0.3 M NaCl, 1.5 
mM 2-mercaptoethanol and containing 2.5 ug of 
RNAse-f ree B5A and 5 units of human placental 
30 ribonuclease inhibitor (BRL). After phenol/chloroform 
extraction, the RNA was purified by chromatography on 
Sephadex G50 and precipitated with 2.5 volumes of 
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ethanol. The polyA RNA was used to prepare probes and 
as a template for the cDNA library. 
~j To make probes 1 ug of the polyA RNA was 

incubated for 10 min at room temperature in 5 ul of 10 
5 roM methylmercury hydroxide and then 45 min at 37«C with 
40 units of reverse transcriptase in 100 ml of 50 DM 
Tris HC1 (pH 8.3), 10 mM MgClj, 1.5 DM 
2-mercaptoethanol. 1 mM dATP. dGTP and dTTP. 10 uM 
■ dCTP. 0.2 mg/ml of actinomycin D. 5 units of human 

10 placental ribonuclease inhibitor. 500 uCi of alpha 
P-dCTP (3000 Ci/mmole. Amersham) and 20 ug of 
oligonucleotides obtained by partial digestion with 
DNAse I of calf thymus DNA (random primers). After 15 
and 30 min. ten more units of reverse transcriptase were 

15 added. After phenol/chloroform extration and Sephadex 
G5 ° column chromatography the RNA was hydrolyzed with 
0.1 H NaOH (1 hr at 65"C) thus yielding single stranded 
cDNA strands. The solution was neutralized with 0.1 M 
acetic acid and added directly to the hybridization 

20 buffer. 

Tor the cDNA library two separate cloning 
protocols involving dT (12-18) primers or random (calf 
thymus). DNA-de rived oligonucleotide primers were used. 
RNA polyadenylated in vitro as described above was 
25 used. Approximately 1 ug polyadenylated RNA was 

incubated with 10 mM methylmercury hydroxide in a 10 
ul volume for 10 min at room temperature, and excess 
reagent was titrated by adding 1 ul of a 3M 
2-mercaptoethanol solution. This denatured polyA RNA 
was used immediately in the presence of 50 mM Tris pH 
8.0. 1 mM dATP. dGTP. dCTP and dTTP. 2.5 ug/ml dT12-18 
or the calf thymus* random oligonucleotide primers. 10 mM 
MgClj. 10 ug/ml actinomycin D. 100 unitB of RNAse 
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inhibitor. (BRL) and 60 units of reverse transcriptase in 

a total volume of 100 

The samples were diluted to 400 v.1 with a 

buffer containing 10 mH Tris pH 7.0. 100 mM NaCl. 10 TOM 
5 EDTA and 0.2\ SDS extracted with phenol/chloroform. 

freed of dNTPs by Sephadex G50 chromatography, and 

ethanol precipitated. 

The precipitated mixture of RNA and cDNA 

hybrids (10 vD were diluted into 50 ml of SI buffer i 
10 (500 mM NaCl, 50 mH Na acetate pH 4.5 and 1 mM ZnCl 2 

and digested for 15 min at room temperature with 20 

units of SI nuclease. The reaction was stopped by 

diluting the sample to 500 ml with a buffer containing 

50 mM NaCl. 10 mM EDTA and 50 mM Tris pH 7.0. and 
15 digestion was continued for 15 min at room temperature 

by adding 20 ug/nl of RNAse A. After phenol and 

chloroform extraction, the RNA : cDNA hybrids were 

concentrated by ethanol precipitation and fractionated 

on a Sepharose CL4B column prepared in a 1 ml plastic 
20 pipette. The excluded peak, containing molecules larger 

than 800 base-pairs, was pooled and ethanol precipitated 

to give 50 ng of hybrid for the dT primed, and 200 ng of 

hybrid for the random calf thymus fragment primed 

reactions. 

25 Both samples were tailed for dC residues under 

conditions yielding 15-25 residues per DNA or RNA 

termini, and annealed to a dG tailed pBR322 vector 

linearized at the Pstl site (NEN) at a vector 

concentration of 0.1 iig/ml. The annealed plasmids 

R 

30 were transformed into E. coli HB101 to Amp to obtain 
the cDNA library. 
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D*2. Screening of the cDNA Library 

Screening employed a +/- method using labeled 
cDNAb prepared from RNA isolated from uninfected BEKI 
cells (-probe) and from RNA isolated from the virus 
5 obtained after complete lysis of the cells ( + probe). 
Colonies of the E. coli harbored cDNA library were 
grown, lysed on nitrocellulose filters (two replicas) 
and probed. The hybridization buffer used for + probe 
also contained an excess of cellular RNA isolated from 
10 uninfected BEKI cells (10 mg/ml). The colonies which 
gave a clear signal with the + probe and no response 
with the - probe were selected. By this method, 95 
oligo dT- primed and 185 random primer primed clones were 
selected. The length of the inserts after PstI 
15 digestion varied from 400 to 4.000 base pairs. No 
full-length virus specific cDNA was obtained. 

One of the clones, pDT28, with a 880 bp insert 
was selected for further analysis. This fragment from a 
PstI -digest of plasmid DNA was purified by acrylamide 
20 gel electrophoresis, digested with Ddel and Hbol and 

then labeled with the Klenow fragment of DNA polymerase 
I and the four 32 P dNTPs to yield 10 6 -10 4 cpm/mg 
of insert. Labelled insert was verified by 
hybridization to viral RNA fractionated on a 0.9* 
25 agarose gel electrophoresis in presence of formaldehyde 
(Smiley, et al # Anal Biochem (1983) 131:365-372). 
Stringent hybridization conditions were used: 
prehybridizations and hybridizations were overnight at 
42°C, and 50* formamide was used in hybridizations. 
30 Hashing was at 65°C first with 2xSSC. 0.1\ SDS and then 
with 0.2XSSC and 0.1\ SDS. 

In the foregoing verification. RNA from 
uninfected cells was used as negative control. The 
absence of exogenous viral sequences in the genome of 




0208672 

-30- 

the cells was verified by failure of cellular DNA 
digested with BamHI and EcoRI to bind to pDT28 pcobe in 
Southern blot analysis. The RNA from infected cells 
after 24 hrs of infection at a multiplicity greater than 
i 1, and from the pellet of virus after complete cell 
lysis were used as positives. No hybridization was 
detected with the RNA from the uninfected cells, but the 
inserts hybridized to an approximately 13 kb band of the 
RNA isolated from the infected cells or from the pellet 
10 of virus. 

The plasmid pDT28. which had been verified to 
contain a PstI insert which binds to the viral RNA. was 
used to probe the cDNA library for additional clone* . 
and the entire sequence was recovered by "walking" 

15 techniques. In this way. eight additional plasmids were 
recovered which span the entire 12.5 kb genome of the 
virus. The positions of the overlapping insects are 
shown in Figure 1. As shown in Figure 1. the pDT28 
clone occupies a roughly central portion of the genome. 

20 The 8 additional plasmids recovered from the cDNA 

library in a manner analogous to that described above, 
but using the appropriate overlapping 
sequence-containing clone as probe, were grown in E*_ 
coll . and the plasmid DNA -isolated. The inserts were 

25 sequenced, and verified to contain overlapping 

portions. The results of this sequencing are shown in 
Figure 2. which provides the entire genomic RNA sequence 
ascertained from the inserts. 

The orientation shown in Figure 2 was 
30 determined by subcloning pDT2B into M13 into both 

orientations, labeling the resultant phage, and using 
the labeled phage as a probe against RNA known to be of 
positive polarity. This was done by spot hybridization 
on nitrocellulose filters using uninfected cell RNA. 
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lnfected cell RNA, and template viral RNA. The infected 
cell RNA and template RNA should be of positive 
polarity. Therefore, the H13 orientation hybridizing to 
infected cell RNA and viral RNA contains a negative 
5 sense strand, and from this information, the 5' to 3" 
sequence of inserts from pCT63 to pCT185 could be 
deduced. 

This conclusion was confirmed by analysis of 
the sequence of pCT63. which indicates its capability to 
10 form the expected hairpin structure at the 5' end. and 
by the absence of additional clones in the cDNA library 
having additional 5' sequences to that of pCT63. 

D ' 3 - Expression of S equences Encoding BGal-BDV Fusions 
in E. coll 

15 Twelve portions of the BDV genome were obtained 

as follows: (1) the entire cDNA sequences per se, (2) 
products of restriction cleavage (with PstI or BaraHI or 
both) of the foregoing cDNAs. and (3) a ligated sequence 
obtained by ligating the pCTlB5 cDNA with a fragment of 

20 another. (See the table below.) These portions were 
used to encode the BDV portions of the fusion proteins. 
These eleven BDV protein encoding sequences were cloned 
into one of or a mixture of pUR29.a, pUR291. and pUR292, 
which contain restriction sites, e.g.. BamHI and PstI 

25 sites in all three possible reading frames with the 
B-gal codons. so as to encode fusion proteins at the 
C-terminal portion of the fi-galactosidase protein 
(Rut her. U. . et al. Bmbo J (1980) 1:1791-1794). Since 
all three possible reading frames are provided for the 

30 restriction sites used, the correct reading frame in at 
least one of the vectors for the fusion protein is 
assured. Table l summarizes the vectors prepared and 
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the BDV sequence contained in each. Nucleotide numbers 
ace as indicated in Figure 2. 

Table 1 



10 



15 



Name 

pUBVDl 

pUBVD2 

PUBVD4 

pUBVDS 

PUBVD6 

PUBVD7 

pUBVDB 

pUBVD9 

pUBVDIO 

pUBVDll 

pUBVD12 

PUBVD13 



pUR 

Patent 

pUR290 

pool 

PUR292 

pool 

pUR290 

pool 

PUR292 

PUR292 

PUR290 

PUR290 

PUR291 

PUR290 



BDV Insert 
Derived from 



PCT63 

PCT36 

PCT183 

pDT28 

PCT174 

pCT174 

PDT65 

pt>T65 + 

PCT185 

PCTL85 

PCT63 

PDT28 + 



BDV Nucleotides Con- 
tained in pUBVD Vectors 
(Numbers as in Fig. 2) 



PCT185 



PDT17 



1397- 
2037- 
2955- 
5650- 
7225- 
-9500- 
10442- 
10442- 
11030- 
11405- 
597- 
-6000- 



2607 
2574 
4560 
6450 
107 IB 
10811 
10811 
12470 
12457 
12457 
1397 
-7800 



Each of the twelve cDNA sequences was mixed 

20 with T4 ligase in the presence of Pstl-digested mixtures 

of pUR290 v 291, and 292 (or of one of these if the 

correct reading frame was deduced) and the ligation 

mixture transformed into E. coli strain D1210 (Lacl~ 

p 

mutant of HB101) to Amp . Successful transf ormants 
25 were confirmed by hybridization with labeled insert, and 
isolated plasmid DNA was analyzed by restriction 
analysis to confirm correct orientation. Expression was 
induced in successful transf ormants containing correctly 
oriented insects by treating with IPTG (1 mM) on L-broth 
30 medium containing 40 u<J/al ampicillin. Three hours 

after induction, the cells were harvested, and lysed by 
sonication. The fusion proteins were produced as 
inclusion bodies, and the inclusion bodies were 
harvested by the method of Klempnauer. et al. Cell 
35 (1983) 33^:345-355. and stored at -20°C suspended in 10 
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mM Trig (pH 8.0). 1 mM EDTA. Approximately 10-30 mg 
inclusion body proteins were obtained per ml of 
culture. 

D - 4 - Characte rization oC the Fusion Proteina 
5 The fusion proteins were characterized as to 

their antigenic properties both in insoluble and 
solubilized forms. 

Inclusion body proteins solubilized in 1% SDS 
or 7 H urea followed by dialysis to a final 
10 concentration of 1 mg/ml are unreactive with sera from 
infected calves or from rabbits infected with purified 
virus. 

Preparation of A ntisera . Both solubilized and 
unsolubilized inclusion bodies were injected into 

15 rabbits using peri-lymph nodal immunizations with 500 
M protein emulsified with Freund's complete adjuvant, 
with boosting every 4 weeks (IM injection of 500 vg 
emulsified in adjuvant) and bled 10 days after boost. 
Control antisera were prepared from infected calves or 

20 from rabbits injected with purified virus. The antisera 
were tested for immunoactivity by EL ISA and immunofluo- 
rescence . and by Western blot and immunoprecipitation. 

Western blot and immunoprecipitation yield 
complementary Information with respect to reactivity. 

25 In immunoprecipitation, the native protein mixture is 
reacted with the test serum and the immunoprecipitate 
subjected to SDS-PAGE. Therefore, immunoprecipitation 
assesses immunoreactivity with the native protein. 

However, in the Western SDS blot procedure. 

30 PAGE is performed before the antisera are tested for 

precipitation with the proteins on the gel. Therefore. 
Vlestern blot assesses reactivity with denatured 
protein. 
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The results of these procedures are given 

below. 

Results. The control antisera were 
immunoreactive with respect to proteins extracted from 
S the virus pellet produced on BEKI cells, and showed 
immunoprecipitation with the 76 kD protein presumed to 
be the major antigenic component, as well as minor 
components presumed to be. at least in part, virion 
proteins having molecular weights of 36. 43. 47. 51 and 

10 56 kD. No immunoprecipitation occurred when the' control 
antisera were tested on Western blot. Control antisera 
against infection thus react with antigens in the native 
protein, but not after denaturation. 

Immunoprecipitation and Western Blot . Most of 

15 the antisera formed in response to the fusion proteins 
were negative both in assay by immunoprecipitation and. 
like the control antisera. on Western blot. 

However, there were exceptions. The antiserum 
generated by fusion protein 7 immunoprecipitates the 36 

20 kd protein from BEKl-grown virus and reacts by Western 
blot to the 76 kD and 51 kD bands. Antiserum from 
fusion 5 immunoprecipitates 3 sizes of proteins: 64. 98. 
and 105 kD. sizes not precipitated by control antisera. 
Antiserum from fusion 9 precipitates a 5B kD band, also 

25 not precipitated by the control antisera. The 

* 

signif icanecr'of MW of the materials is not clear since 
it is not clear which, if any. of these proteins 
represent glycosylated materials with corresponding 
alterations in molecular weight. 
30 ELISA (carried out according to the procedure 

of Bartlett. et al. in Protides of the Biological 
Fluids . H. Peeters. ed.. Pergamon Press. Oxford. 1976. 
24:767-770) used partially purified virus as antigen. 
Only the antiserum prepared against fusion protein 7 was 
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positive at a 1:40 titer; serum prepared against fusion 
proteins 5 and 11 had titers of 1:4 and 1:8, 
respectively. Nonimmune sera were negative. 

Immunof luorescence was conducted using labeled 
live or fixed infected cells. The antiserum prepared 
against fusion protein 11 was slightly positive in 
immunore^ctlvity with live cells; on cells fixed with 
methanol, acetone, or formaldehyde, serum prepared from 
fusion protein 7 gave the same strong response as 
control antisera from the infected animals, whereas 
antisera 5 and 3 were weakly positive against proteins 
extracted from the virus pellet produced on BEKI cells. 
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Claims 

1. A nucleotide sequence substantially 
identical with that of the BDV genome as represented in 
Figure 2. 

2. A nucleotide sequence encoding at least one 
viral polypeptide substantially identical with that 
encoded by the BDV genomic sequence shown in Figure 2. 

3. A nucleotide sequence derived from a 
portion of the BDV genomic sequence shown in Figure 2, 

4. A recombinant expression system capable, in 
a compatible host cell, of effecting the production of a 
BDV related protein, which system comprises a DNA 
sequence derived from the nucleotide sequence of claim 1. 

5. A recombinant expression system comprising 
a coding portion derived from the sequence of claim 1 
operably linked to a control sequence compatible with a 
desired host. 

6. A recombinant vector which comprises the 
expression system of claim 4. 

7. A recombinant .vector which comprises the 
expression system of claim 5. 

8. Recombinant host cells transformed with the 
vector of claim 6. 

9. Protein produced by the cells of claim 8. 
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10. The system of claim 5 which further 
includes upstream of said DNA sequence, and in reading 
frame therewith* a fused nucleotide sequence encoding a 
host protein or portion thereof. 

5 11. The system of claim 10 wherein the fusion 

DNA sequence encodes an N-terminal portion of 
fi-galactosidase. 

12. Recombinant host cells transformed with a 
vector comprising the system of claim 10. 

10 13. Protein produced by the cells of claim 12. 

14. A particle immunogenic against BDV 
infection which particle comprises a polypeptide having 
an amino acid sequence capable of forming a particle 
when said sequence is produced in a eucaryotic host, and 

15 a neutralizing epitope of BDV. 

15. The particle of claim 14 wherein the 
particle forming amino acid sequence is derived from 
hepatitis B virus. 

16. The particle of claim 15 wherein the 
20 particle forming amino acid sequence is derived from 

HBsAg . 

17. A vaccine effective against bovine 
diarrhea virus which comprises - the polypeptide of claim 
9. 

25 IB. A method for preparing an anti-BDV vaccine 

which comprises culturing the cells of claim 8 and 
recovering the recombinant peptide. # / 
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Mapping of 9 BDV cDNA clones which span the whole genome. Clones were 
JJ2 « S* 8 ? dT Ptined CDNA CW clone.) or from randomly primed 
us * n * ca " «%»«" oligonucleotides (CT clones). Names of clones 
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cDNA fragments used to construct expression vectors for E.coli bv 
fusion to the E.coli B-galactosidase gene. ■ 
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1 ATGTATACGAGAATTTGCCTAACCTCGTATACATATTGGGCATTCTAAAAATAAATTAGGCC 
CATATGCTCTTAAACGGATTGGAGCATATGTATAACCCGTAAGATTTTTATTTAATCCG6 

56 stui, 61 mstll. 

63 TAAGGGACAAATCCTCCTTAGC6AAGGCCGAAAAGAGGCTAGCCATGCCCTTAGTAGGAC 
ATTCCCTGTTTAGGAGGAATCGCTTCCGGCTTTTCTCCGATCGGTACGGGAATCATCCTG 

100 nhel , 

123 T AGCAAAACAAGGAGGGT AGCAACAGTGGTGAGTTCGTTGGATG6CTGAAGCCCTGAGTA 
ATCGTTTTGTTCCTCCCATCGTTGTCACCACTCAASCAACCTACC6ACTTCGGSACTCAT 

183 CAGGGTAGTCGTCAGTGGTT CGACGCTTCGTGTGACAAGCCTCGAGGTGCCACGTGGACG 
GT CCCATCAGCAGTCACCAAGCTGCGAAGCACACTGTTCGGAGCTCCACGGTGCACCTGC 

223 Khol, 

2A3 AGGGCAT6CCCACAGCACATCTTAACCTGAGCG6QG6TCGTTCAG6T6AAA6CS6TTTAA 
TCCCGTACGGGTGTCGTGTAGAATTGGACTCGCCCCCAGCAAGTCCACTTTCGCCAAATT 

2*6 sphl, 

303 CCAACCGCTACGAATACAGCCTGATAGGGTGCTGCA6AGGCCCACTGTATTGCTACTAAA 
GGTTGGCGATGCTTATGTCGGACTATCCCACGACGTCTCCGGGT6ACATAACGATGATTT 

334 pstl, 

MetGluLeuI leThrAsnGluLcuLouTyrLysThrTyr 
363 AATCTCTGCTGTACATGGCACATGGAGTTGATTACAAATGAACTTTTATACAAAACATAC 
TTAGAGACGACATGTACCGTGTACCTCAACTAAT6TTTACTT6AAAATAT6TTTTGTAT6 

LysGlnLysPraAlaGl yVa lGluGluProValTyrAsnGlnAlaGlyAcpProLeuPhe 
423 AAACAAAAACCCGCTGGAGTGGAGGAACCAGTATATAACCAAGCAGGTGACCCTTTGTTT 
TTTGTTTTTGGGCGACCTCACCTCCTTGGTCATATATTGGTTCGTCCACTGGGAAACAAA 

468 bstE2, 

GlyGluArgGlyValValHisProGlnAlaThrLeuLysLeuProHiaLysArgGlyGlu 
483 GGCGAGAGAGGAGTGGTTCATCCGCAGGCGACGCTAAAACTGCCACATAAAAGAGGGGAG 
CCGCTCTCTCCTCACCAAGTA6GCGTCCGCTGCGATTTT6AC6GTGTATTTTCTCCCCTC 

ArqGluVal ProThrAsnLeuA 1 aSerLeuProLysArgGlyAspCysArgSerGiyAsn 
543 CGCGAAGTACCTACTAATCTGGCGTCTCTGCCAAAAAGAGGTGACTGCAGGTCGGGTAAC 
GCGCTTCATGGATGATTAGACCGCAGAGACGGTTTTTCTCCACTGACGTCCAGCCCATTG 

587 pstl, 

SerLysGlyProValSerGlylleTyrLeuLysProGlyProLeuPheTyrGlnAspTyr 
603 AGCAAGGGACCCGTGAGTGGAATCTACCTGAAACCGGGGCCGTTATTCTACCAGGAtTAC 
TCGTTCCCT6GGCACTCACCTTA6AT6GACTTTGGCCCC6GCAATAAGATGGTCCTAATG 

_ _ LysGlyPraValTyrHisArgAlaProLeuGluPhePheGlnGluAlaSerMetCysGlu 
663 AAAGGACCCGTCTATCATAGAGCTCCATTGGAGT.TCTTTCAGGAAGCCTCTATGTGTGAG 
TTTCCTGGGCAGATAGTATCTCGAGGTAACCTCAAGAAAGTCCTTCGGAGATACACACTC 

682 sad , 

TtirThrArgArg^leGlyArgVa^ThrGly^^ 
723 ACAACTAGAAGGATTGGGAGAGTAACTGGtAGTGAtGGTAAATT6TACCACATTTATGTG 
TGTTGATCTTCCTAACCCTCTCATTGACCATCACTACCATTTAACATG6TGTAAATACAC 

CysIleAspGlyCy«lleIleValLyBS«rAl«ThpLy«TypHl«GlnLy«Va!LBuLy« 
783 TGCATAGATGGATGCATAATAGTTAAGAGC6CCACAAAATATCATCAAAA66TACTCAAA 
ACGTATCTACCTACGTATTATCAATTCTCGCGGTGTTTTATAGTAGTTTTCCATGAGTTT 

794 ava3, 

TrpValHisAsnLysLeuAdnCysProLeuTrpValSerSsrCyiSvrAspThrLyaAla 
843 TGGGTCCACAACAAACTAAATTGCCCTCTATGGGTTTCAAGCTGCTCCGACACAAAAGCA 
ACCCAGGTGTTGTTTGATTTAACGGGAGATACCCAAAGTTCGACGAGGCT6TGTTTTCGT 
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Figure 2 - Steet 3 of 14 
GluGlyAl aThrArgLysLysGl nGl nLy s Pro As p A rgLeuG 1 uLy *G I y ArqMe tLy fi 
•03 GA'AGGG6CGACAAGAAAGAAGCAACAAAAACCAGATAGSCTGGAAAAGGGGAGGATGAAG 
: CTTCCCC6CTGTTCTTT CTTCGTT6TTTTTGGT CTAT CCGACCTTTTCCCCTCCTACTTC 

1 I eThrProLy sG 1 uSerG 1 uLy s AspSerLy sThrLys ProProAspA I aThrl leVa 1 
•63 AT AACT CC T AAAGAGTCGGAGAAAGAT AGTAAGACCAaACCGCCAGAiGCTACGATAGTG 
TATTGAGGAT TTCTCAGCCTCTTTCTATCATTCTGGTTTG6CGGTCTACGATGCTATCAC 

Va 1 AspGlyValLysTyrGinVa ILysLysLysGlyLysl leLysSerLymAsnThrGin 
123 GTAGATGGTGTCAAATATCAGGTAAAGAAAAAAGGGAAAATCAAGAGTAAGAATACCCAG 
CATCTACCACAGTTTATAGTCCATTTCTTTTTTCCCTTTTAGTTCTCATTCTTATGGGTC 

AspGl yLeuTyrHisAsnLysAsnLysProGl nGiuSerArqLy«Ly*LeuGluLy*Ala 

163 gacggtttgtaccacaacaaaaataaacctcaagagtcacgcaAgaaactagagaaagcc 

CTGCCAAACATGGTGTTGTTTTTATTTGGA6TTCTCA6TGCGTTCTTT6ATCTCTTTCGG 
11A0 bgll, 

LeuLeuAlaTrpAlaVal 1 1 eAlaLeuVaiLeuPheGlnValAlaValGl yGluAsnX 1» 
A3 CTGTTGGCATGGGCAGTAATAGC CTTGGTTTTGTTTCAAGTCGCAGTGGGAGA6AACATA 
GACAACCGTACCCGTCATTATCGGAACCAAAACAAAGTTCAGCGTCACCCTCTCTTGTAT 

ThrGlnTrpAsnLeuGlnAspAsnGlyThrGluGly HeGlnArgAlaM«tPh«Gl nAra 
03 ACACAATGGAACTTACAAGACAATGGGACGGAAGGAATACAACGGGCCATGTTCCAAAGA 
TGTGTTACCTTGAATGTTCTGTTACCCTGCCTTCCTTATGTTGCCCGGTACAAGGTTTCT 

GlyVal AtnArgSerLeuHisGly IleTrpProGluLyfiIlcCy«ThrGlyValProSer 
:63 GGCGTAAATAGAAGTCTGCATGGGATCTGGCCAGAGAAAATCTGTACAGGTGTCCCCTCC 
CCGCATTTATCTTCAGACGTACCCTA6ACC6GTCTCTTTTAGACATGTCCACA6GG6A66 



1290 ball, 

Hi5LeuAlaThrAspThrGluLeuLysAlaIleHis61yH»tH«bA6pAlaSer61uLys 
CACTT6GCCACTGATACAGAACTGAAGGCAATTCATGGTATGATGGATGCTAGCGAGAAG 
6TGAACCGGTGACTATGTCTTGACTTCCGTTAAGTACCATACTACCTAC6ATCGCTCTTC 

1327 ball, 1333 tthlUl, 1371 nhei , 

ThrAsnTyrThrCysCysArgLeuGlnArgHisGluTrpAsnLysHlsGlyTrpCysAsn 
ACAAATTACACATGCTGCAG6CTCCAACGCCAT6A6T66AACAA6CAT66TT66T6CAAT 
TGTTTAATGTGTACGACGTCCGAGGTT6CG6TACTCACCTT6TTC6TACCAACCACGTTrA 

1397 pstl, 

ACCATGTTATAACTTGGAACCTAACAA6AGTACTTATTTTGGGTTCGGTT66AACGACTC 
1449 sspl, 

GlyGlnProProArgGluCysAlaValThrCysArgTyrAspArgAspSerAspLeuAsn 
503 GGTCAGCCACCAAGGGAGTGTJGCCGTTACATGCCGGTATGACCGAGATAGTGACCT 

CCAGTCGGT6GTTCCCTCACACG6CAATGTAC6GCCATACT66CTCTATCACT66ATTTA 

ValValThrGlnAlaArgAsnSerPraThrProLeuThrGlyCysLvsLvsGlvLvsAsn 
563 6TAGTAACACAA6CTAGGAACAGCCCCACACCATTGACA6GCTGCAAGAAAG6CAA6AAC 
CATCATTGTGTTCGATCCTT6TCG6G6T6TGGTAACT6TCCGACGTTCTTTCC6TTCTT6 

PheSerPheAlaGlyValLeuValGlnGlyProCysAsnPh«61uIl«AlaValSerAsD 

623 ttctcctttgcaggtgtgttggtacaagggccttgcaactttgaaatagctgtaagtgat 
aagaggaaacgtccacacaXccatgttcccggaacgttgaaactttatcgacattcacta 

. ValLeuPheArgGluHisAspCysThrSerVal UeGlnGlyThrAlaHisTyrLeuVal 
683 GTGCTGTTTAGAGAGCACGATT6CACAAGTGTGATTCAAG6tAC6GCTCACTATCT6GTA 
CACGACAAATCTCTCGTGCTAACGTGTTCACACTAAGTTCC6T6CCGA6T6ATAGACCAT 

■»,„ A 5PSlyMetThrABnSepLeuGluSerAlaArgGlnGlyThrAlaLy«LBuThrThpTpp 
7A3 -. 5$CGGGATGACCAATTCTCTAGAAAGTGCCAGfiCAAGGGACC6CAAAGTTAACTACTTGG 
CTGCCCTACTGGTTAA6AGATCTTTCACGGTCCGTTCCCTG6CGTTTCAATT6AT6AACC 

1760 Kbal, 179Q hpal , 

_ n , LeuGlyArgGlnLeuLysLysLeuGlyLyBLy*LBuGluAsnLy«S»rLy«Th 
803 II5^I05s£6 6CTTAAGAAACTAGG GAAGAAACTGGAAAACAAGAGTAAGACATG5TTT 
AACCCATCCGTCGAATTCTTTGATCCCTTCTTT6ACCTTTT6TTCTCATTCT6TACCAAA 



181S allll, 



863 



rr^i?I^^if?i?$5^C roT y rC i* 6 »uValGluArgArgL«uGlyTyrIl»TrpTyr 
CCCCGTATACGTCGGAGA6GGATGACGCTCCATCTTGCCTCC6AACCAAT6TAGACCATA 



4 AA7 nrlo4 



1923 



2103 
2163 



2643 



2763 
2*23 



0208672 



" . „ „ . Figure d - iioeet 4 oi 14 

a^aaIgaattgcacccctgcctgtttaccaaaaaatacaa^ 

TGTTTCTTAACSTGGGGACGGACAAATGGTTTTTTATGTTTCTAGCAACCG^ 

2194 pvuli, 2209 tthllll, 
2250 bstXl, 

2308 bell, 2336 bgltl, 
2343 Icscc?iTT??Plt!^ii^la ThrThpThrA1 * Ph "LBuValCY«L«uV»lLysValVal 

- wmmmmmmmmsm 

'2574 pstt, 
2647 bstXI, 26S6 b»ll, 2664 «*tll, 



«A6AAAC666CACACTACGATTT66'6AACCATTC«CTTTTAaW 
XSllGKcESWff5?Si?!!?S!!ji$KEE5 I l* sl V''-BThr6lvThrV«lS.rl.uCy. 

WJ??ii^yill^?!?i!!iiAiiSlAfI?i?^?i^?i!^a!I!f!IiJfjii 

GTGACCAG6TTATTCCTATGCAATCGGTACTGGCAACAT6CTTGTAT6TTCTCCGTGTCC 



2940 *tul f 

M , , ProPheProPheAr 
2943 CCTTTCCCCTTTA 
6GAAAGGGGAAAT 
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J003- TGTGCCTTGGGAGGGAACTGGACTTGTGTACCGGGGGACATACTACGATATGTAGATGGG 
ACACGGAACCCTCCCTTGACCTGAACACATGGCCCCCTGTATGATGCTATACATCTACCC 

ProVa 1 GluSerCysLysTrpCysG WTyrLysPheHisLysSerG luGlyLeuProHis 
5063 CCTGTCGAGTCTTbCAAGTGGTGTGGTTACAAGTTTCATAAAAGTGAGGGTCTGCCACAC 
GGACAGCTCAGAACGTTCACCACACCAATGTTCAAAGTATTTTCACTCCCAGACGGTGTG 

PheProI 1 eGl vLysCysLysLeuLysAsnGluSerGlyTyrArgGlnVal AspGluThr 
3123 TTCCCAATTGGCAAGTGCAAGCTGAAGAATGAAAGTGGCTACAGACAAGTAGATGAGACC 
AAGGGTTAACCGTTCACGTTCGACTTCTTACTTTCACC6ATGTCTGTTCATCTACTCT6G 

SerCysAsnArgAspGiyVal Alal t eVa 1 ProThrGlySerVa lLysCysLysIleGly 
3163 T CTTGC A AC AGAGACGGTGT6GCT AT AGTACC AACTGGTT CG6TGAAATGCAAGATAGGG 
AGAACGTTGTCTCTGCCACACCGATATCATGGTTGACCAAGCCACTTTACGTTCTATCCC 

^ AspThrValValGlnVallleAlaMetAspAspLysLeuGlyProMetProCysArqPro 
3243 GACACAGTGGTGCAAGTCATAGCAATGGATGATAAGCTAG6GCCTATGCCTTGCAGACCA 
CT6TGTCACCACGTTCA6TATCGTTACCTACTATTCGATCCCGGATACGGAACGTCTGGT 

3301 ndel, 

TyrGl ul 1 e I 1 eProSerG 1 uGl yProVa 1 G 1 uLysTh rA 1 aCy *Th rPheAsnTyrThr 
3303 T ATGAAATCATTCCCAGTGAGGGGCCGGTAGAAAAGACGGCATbTACCTTCAACTACACA 
ATACTTTAGTAAGGGTCACTCCCCGGCCATCTTTTCTGCCGTACATGGAA6TTGAT6TGT 

3306 xnnl , 

LysThrLeuLysAsnLysTyrTyrGluProArqAspAsnTyrPheGl nGlnTyrMetLeu 

3363 aaaacattaaAgaacaAgt&tt&tgagcctagggataatt^tttccaacaatacatgtta 

TTTTGTAATTTCTTGTTCATAATACTCGGATCCCTATTAATAAAGGTTGTTATGTACAAT 
3390 avr2, 

LysGl yGluTyrGl nTyrTrpPheAspLeuGluI 1 eThrAspHisHi s Arq AspTyrPhe 

3423 aaaggggagtaccaatattggtttgacctagagatcactgaccaccaccgggattacttc 

TTTCCCCTCATGGTTATAACCAAACTGGATCTCTAGTGACT6GTG6TGGCCCTAATGAAG 
3436 sspl, 

AlaGluSerLeuLeuVall leValVal A 1 aLeuLeuG 1 yG 1 yArqTyrValLeuTrpLeu 
3483 GCTGAGTCCCTACTGGTGATAGTGGTTGCACTCCTGGGCGGTAGGTACGTGCTCTGGTTA 
CGACTCAGGGATGACCACTATCACCAACGTGAG6ACCCGCCATCCATGCACGAGACCAAT 

LeuValThrTyrHetlleLeuSerGluGlnMetThrSerGlyArqProValTrpAlaGly 
3543 CTGGTTACATATATGATCCTATCAGAACAAATGACCTCGGGACGTCCAGTATGGGCAGGt 
GACCAATGTATATACTAG6ATAGTCTTGTTTACTGGA6CCCTGCAGGTCATACCCGTCCA 

3S83 aatll,. 

GluIleValHetMetGlyAsnLeuLeuThrHisAspSecIleGluValValThrTyrPhe 
3603 GAAATAGTGATGATGGGCAACCTGCTAACACATGACAGTiATTGAAGTGGTGACTTATTTC 
CTTTATCACTACTACCCGTTGGACGATTGTGTACTGTCATAACTTCACCACT6AATAAAG 

LeuLeuLeuTyrLeuLeuLeuArgGluG luAsnl leLysLysTrpVa 111 eLeuI 1 eTyr 
3663 TTACTACTATACCTACTACTAAGAGAGGAAAACATCAAAAAATGGGTTATACTTATATAC 
AATGATGATATGGATGAT6ATTCTCTCCTTTTGTAGTTTTTTACCCAATATGAATATATG 

KisIlelleValHetHisProLeuLysSerValThrVallleLeuLeuHetValGlyGly 
CACATCATAGTAATGCACCCACTAAAATCA6TGA€GGTGATACTGCTAATG6TTGGAGGG 
GTGTAGTATCATTACGTGG6TGATTTTAGTCACTGCCACTATGACGATTACCAACCTCCC 

MetAlaArgAlaGluProGlyAlaGlnSerPheLeuGluGlnValAspLeuSerPheSer 
3783 ATGGCAAG6GCAGAACCAGGCGCCCAGAGCTTCCTAGAGCAGGTGGACCTGAGTTTTTCA 
TACCGTTCCCGTCTTGGTCCGCGGGTCTCGAAGGATCTCGTCCACCT6GACTCAAAAAGT 

3801 nari, 

MetlleThrLeuIleValValGlyLeuVallleAlaArqArgAspProThrValValPro 
3843 A7GATCACGCTCATTGTAGTAGGTCTGGTCATTGCCAGGCGCGACCCCACTGTGGTGCCA 
TACTAGTGC6AGTAACATCATCCAGACCAGTAACGGTCC6CGCT6GG6TGACACCACGGT 

3644 belt, 3902 spet f 

LeuValThrlleValAlaAlaLeuAroValThrGlyLffuGlyPheGlyProGlyValAsp 
3903 CTAGTCACAATAGTTGCAGCACTGAGGGTAACGGGACT'AGGCTTTGGGCCCGGAGTGGAT 
GATCAGT6TTATCAACGTCGTGACTCCCATTGCC:TGATCC6AAACCC6GGCCTCACCTA 

3948 apal, 
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Figure 2 - Sheet 6 nt 14 
, „ 1 A 1 »MetAlaVa lLeuThrLeuThrLeuLeuMet 1 1 eSerTyrVa 1 ThrAsoT vrPhe 

763 SI a £Ctatggca6tcctaaccttga^ 
- catcgataccgtca6gattg6aactg66at6actactaatcaatacact6tct6atgaag 



323 



A £9ly£ L y sA S:9jEPLeuGlnCysIleLeuSerLeuIleAla6lyValPheLeulleArq 
AGGTACAAAAGGTGGCTACAATGTATCCTCAGCTTAATAGCCGGGGT^ 
TCCATGTTTTCCACCGATGTTACATAGGAGTCGAATTATC6GCCCCAAAAGGAATATGCT 

.„ f^^euLysHisLeuGlyGluIleGluThrProGluLeuThrlieProAsnTrpArqPro 
083 65S£TTfi$$£$T?T55S£S^GATTGAGACCCCTGAGCTGACCATACC6AACTG6AGGCCA 
TCGGAATTTGTAGACCCGCTCTAACTCTGGGGACTCGACTG6TATGGCTTGACCTCCGGT 

t?"I^POeii«LeuLeuTyrLeuThrSerAlaThrValValThrAr 9 TrpLy*ValAB P 
* A3 £I$$H£IIS$I A "*I T 5 T ACCTGACTTCAGCAACAGTTGTCACACGXTG6A*AGTTGAfe 
GATTGGAAGTATGATAACATGGACTGAAGTCGTTGTCAACAGTGTGCTACCTTTCAACTG 

___ iieAlaGlylleLeuLeuGlnGlyProGlnSerPheCysOP 

203 ATAGCTGGCATATTACT6CAAGGGCCCCAATCCTTCTGCTGATTGCCACCTATGGGCT 
TATCGACCGTATAATGACGTTCCCGGGGTTA6GAAGACGACTAACGGTGGATACCCGA 

4224 apai, 

.261 GACTTCCTGACCCTTGTATTGATCCTGCCCACCCACGAATTAGTCAAGTTGTACTACCTG 
CTGAAGGACT66GAACATAACTAG6ACGGGTGGGTGCTTAATCAGTTCAACAT6ATGGAC 

.321 AAGACCGTCAAGACTGATGTGGAAAAGAGTT^ 

TTCTGGCAGTTCTGACTACACCTTTTCTCAACCGATCCCCCCCACCTGATGTTCT6TTAA 

,381 GGCTCTATTTATGATATGGAT6AAAGTGGAGAGGGCGTGTACCTTTTCCCATCCAAACAG 
CCGAGATAAATACTATACCTACTTTCACCTCTCCCGCACATG6AAAAGGGTA66TTTGTC 

.... A s;SlvLysLysAsnValSerIleUeuLeuProLeulleAraAlaThrLeuIleSerCy« 
V441 AATGGtAAGAAAAATGTCAGCATACTCTTGCCCCTCATTAGAGCTACACTAA 

TTACCGTTCTTTTTACAGTCGTATGAGAACG6GGAGTAATCTCGATGTGATTATTCGACA 

4A.97 tthllli; 

,, n , HSf SEt^f ISPS IpHetVal TyrMetAl aTyrLeuThrLeuAspPheMetTyrTyr 
* 501 $IS A 5£ A 5££AATGGCAGATGGTGTACATGGCTTACCTAACCTTGGACTTTATGTACTAC 
TA6TC6TCGTTTACCGTCTACCACAT6TACCGAATGGATT6GAACCTGAAATACATGATG 

A5&1 $I a S a cagaaAggttatagaagagatctcagggggcaccaatgtgatatcta66gtgata 

TATGTGTCTTTCCAATATCTTCTCTAGAGTCCCCCGTGGTTACACTATAGATCCCACTAT 
4583 bgMl, 4605 ecorS , 

. . ~. A i aA iaLeuIleGluLeuAsnTrpSerHetGluGluGluGluSerLys61yLeuLysLys 
A621 GCAGCACTCATAGAGCTAAACTGGTCTATGGAAGAAGAAGAAAGCAAGGGCTTAAAGAAG 
C6TC6TGAGTATCTCGATTTGACCAGATACCTTCTTCTTCTTTCGTTCCCGAATTTCTTC 

. > n. PljePhelleLeuSerGlyArqLeuLysAlaLeullelleLysHtsLysValArgAsnGln 
4681 TTTTTTATACTATCTGGGAGGTTGAAGGCCCTTATAATAAAGCATAA66TTA66AACCAG 
AAAAAATATGATAGACCCTCCAACTTCCGG6AATATTATTTCGTATTCCAATCCTTG6TC 

^ T"l5:yalAlaSerTppTyrGlyGluGluGluValTyrGlyMetProLy«ValValThrIl« 
4741 ACCGTAGCAAGCTGGTATGGGGAGGAAGAAGTCTACGGCAT6CCAAAAGTAGTGACCATA 
TG6CATCGTTCGACCATACCCCTCCTTCTTCAGATGCCGTACGGTTTTCATCACTS6TAT 

4778 sphl t 

4801 ATAAGGGCTT6cTCACTAAACAA6AACAA6CATTGCATAATAT6CACAGTAT6TGA66CT 
TATTCCCGAACGAGTGATTTGTTCTTGTTCGTAACGTATTATAC6TGTCATACACTCCGA 

, . LvsLvsTrpLvsGlyGlvAsnCvsP™^ 

4861 ' ^^^ A ^^^^^^^^ A ^ A ^^^ G ^^^^ A CGGbAAGCCCATCACTTGT 

TTCTTCACCTTCCCACCGTTGACGGGATTTACGCCGGCGGTGCCCTTCG6GTAGTGAACA 

4893 xm«3, 

GlyHetThrLeuAlaAspPheGluGluArgHisTyrLysArgllePhellvArgGluGly 
4921 GGGATGACTCTAGCG6ATTTTGAA6AGAGGCACTACAAGAGAATTTTCATAA6AGAGGGT 
CCCTACTGAGATC6CCTAAAACTTCTCTCCGTGATGTTCtCTTAAAAGTATTCTCTCCCA 

ThrPheGluGlyProPheArgGlnGiuHisSerGl y PheVa 1 G 1 nTyrThr Al *ArgGl y 
4981 ACATTCGAAGGACCCTT C AGbCAGGA AC AT AGCGG6TTTGT ACAAT ACACCGCTAGfaG6A 
TGT AAGCTTCCT6GGAAGTCCGTCCTTGTATCGCCCAAACATGTTATGTGGCGATCCCCT 



£21 



281 



i341 



5461 



5581 



5821 
5 

5941 



0208672 

Figure 2 - Sheet 7 of 14 



3*1- CAAT*STTCCTGAs2AAmA?CCA^ 

5049 mstll, 

TT S«ATCCCCATCTTTA6CCAf«S»^ 
5103 avr 2 , 512* „ bat , 5i 33 avr2 , 5156 bgU1| 

AA6CACTTTTGGGACTG6( 
5186 bstXI, 

GA^AACGTGAaIgCCaXgatC^ 
5251 xmnl v 

5287 naei, 5296 pvull, 





:CAT CACCC66AC66CACAC6TTTTTC 
5343 sail, 



5473 kon1 . 



5473 kpnl, 

5521 6fiSSS£E2lirk9Si!«T>!ESiyIr 



gtgaggaggIg&tggaaa^ 

5661 hpal, 

5761 TCCaXgGgXgCTGCTGTACACCTCCAA^ 
5800 ecor1 9 
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GluMetValLvsLvsl 1 eThrSerMetAsnArgGl yAspPheLysG I nl 1 eThrLeuAl a 
6A6ATGGT C A AG AAGAT AAC C AGCATGAACAGbGGAG A CTTT AAG CAGAT AACCCTTGCA 
CTCTACCAGTrCTTCTATTGGTCGTACTTGTCCCCTCTGAAATTCGTCTATTGGGAACGT 

£S£S5S5Si55c5£55S TACAGAACTCCCAAiG6CA6T G AT AGAGGAGATAGGiAGACAC 
TGTCCCCGTCCTTTTTGATGTCTTGAGGGTTTCCGTCACTATCTCCTCTATCCTTCTGTG 



A^SftS/^SikS^SitSS I ieProLeuArgAlaAlaAlaGluSerValTyrGlnTyrMet 
£$S£S?SIS£I AG I G S! TATA ^^ 

TT CGC CCACGAT CACGAATATGGT AACT CT CGT CGT CG ACT CAGT CAGATAGTT ATGTAC 
61S5 pvull f 6158 tthllll, 

Ar2T?rAnyi5^???Eii5lSE£DS AsnLe,|Ar 9 lle€1 >: A5 B Me 

$S$II§£ AA £ A ISSS AG I A ^^ 

TCTAACTTT6TAGGGTCATAGAGGAAGTTGAATTCTTATCCCCTGTACTTTCTTCCCCTG 
6210 allll, 

A?^iAl^55^U?T^I>' rAlaSerT y rGl y T Y rPheC Z sGlnMetProG l r >ProLys 
$I GG £$ A £ A GG $ A I£ A "™^ 

TACCGTTGACCCTAGTGGATGCGGA6TATACCTATAAAAACGGTTTAC6GC6TC6GCTTC 
6266 ndel, 

£I£$SS$£S5£6 A I GG ™^ 

GAGTCCC6GC6TTACCATCTCATAA6TAT6TATAAAGACCTACTCATAGTGACACGAT6A 

GGACTCGTCAACCGACAGTATCCTTTTTAAGTGTCTAAAA6ACTTTCGTATTCCCACCAA 
SSI$I§$" G S2 A S£S$A^^ 

CGATACTGGCGGTGGGGT CGT CC CAGT CATTGATGTTGTCCCGTTTTTGT6G6TTATCTT 

ilA?05H?$l5EE2§ luVal,1etL Y s61 Y GluA5 P LeuGl y Ser6 l np heLeuA5pIle 
f$xII?$I0S£TH9 T 5 AGGTGATGAAAGGGGAAGA CCTTGGAAGCCAGTTCCTTGAtATA 
CTTAAGTATCGAGGACTCCACTACTTTCCCCTTCTGGAACCTTCGGTCAAGGAACTGTAT 

6481 ecorl, 6*93 mstlX, 

^i?5iXt5f ! rY slleProVal6luGluM etLysGlyAsnMetLeuVaiPheVaiProThr 
5SSSS2ST^C66 TCCCG6TTGAGGAGATGAAGGG TAACATGCTGGTCTTCGTACCCACA 
CGCCCCGATTTTTAGGGCCAACTCCTCTACTTCCCATTGTACGACCAGAAGCATGG6TGT 

A??AfII^5$ AlaV;alAs E ValAlaL y sL y sLeuL ys A l a LysGlyTyrAanSerGlyTyr 
AGAAA £ATGGCAGTTGAT GTAGCCAAGAAACTAAAAGCCAAGGGCTACAACTCAGGGTAT 
TCTTTGTACCGTCAACTACATCGGTTCTTTGATTTTCGGTTCCCGAT6TTGAGTCCCATA 

XX^I?^?5E5 1 X GluA ^P ProAlaAsnLeuAr g ValValT hrSer61nSerProTyrVal 
I^T555H5 GGGAAGASCCGGCTAACTTGAGGGTGG TAACATCACA6TCCCCATACGTC 
ATGATGTCACCCCTTCT66GCCGATTGAACTCCCACCATTGTAGTGTCAG6GGTATGCAG 

^?iy?l^iiTtl5:^ s D AlaIleGluSerGl Y ValThrLeup roAfipLeuAspThrValVal 
5I^5TS5 CCACCAATGCCATTGAGTCAGG 6 G TAAC6CTGCCAGATTTAGATACAGTTGTT 
CATCATCG6TGGTTACGGTAACTCAGTCCCCATTGCGACGGTCTAAATCTATGTCAACAA 

eI^ G iytSy L y5£y sGluL Y« Ar 9 ValAr 9 ValSerS «PLysIleProPhellaVal 
^^£55 G TF GAAGTGTGAAAAGAG S G TGAGGGTGTCATCAAAAATACCTTTCATAGTA 
CTGTGTCCAGACTTCACACTTTTCTCCCACTCCCACAGTAGTTTTTATGGAAAGTATCAT 

T5?5iXt5StY sA E9 MetAlaValThrVa l G iy G l uGlnAlaGl nArgArgGlyArqVal 
0^S5??ITS5 AAGAATGGCTGTCAC T G TGGGtGAACAGGCTCAGCGAA6AGGCAGG6TA 
TGTCCGGAATTTTCTTACCGACAGTGACACCCGCTTGTCCGAGTCGCTTCTCCGTCCCAT 

6843 stul, 

5i<A^9^2iVY5?!: oGl X Ar g T Y rT y rAr 9 SerG l nGIuThrAlaTh ^ G lyS«rLy«A»p 
GG I AG AGTGAAGCCCGGTAGGTACTATAGAAGCCAGGAAACAGCGACCGGGTCAAAGGAC 
CCATCTCACTTCGGGCCATCCATGATATCTTCGGTCCTTTGTCGCT66CCCA6TTTCCTG 

6945 tthllll, 

X^^y i5T Y rA5 B LeuLeuGI n A l a HisArgTyrGlylleGluAsp61ylUAinValThr 
TACCACTATGACCTGTTACAGGCACACAGGTATGGGATAGAAGATGGAATCAACGTGACA 
ATGGTGATACT6GACAATGTCCGTGTGTCCAT ACCCTAT CTTCTACCTTA6TTGCACTGT 

6973 tthllll, 7017 tthllll, 
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Figure I - sneet y ot 14 

LysSerPhcArqGl utle t AsnTy r AspTrpSerLeuTyrG 1 uG 1 uAs pSerLeuLeu I 1 e 
A AGT CCTTT AGGGAAATGAAT T ACGATTGGAGCCTGTACGAGGAGGAcAGCTTGCTGAT A 
TTCAGGAAATCC CTTTACTT AATGCT AACCTCGGACATGCTCCTCCTGTCGAACGACTAT 

ThrGlnLeuGlul leLeuAsnAsnLeuLeuIleSerGluAspLeuProAlaALaValLys 

acccagctggagatactgaacaatctactcatctctgaagaEctaccagcagcagtaaXa 
tgggtcgacctctatgacttgtta6atga6tagagacttctggatggtcgtcgtcatttt 

7084 pvull, 

AsnlleMetAlaArgThrAspHisProGluProI I eG 1 nLeuAl aTyrAsnSerTyrG lu 
AACATCATGGCAAGGACTGAiCACCCAGAACCAATCCAGCTTGCAT ACAACAGTTATGAG 
TTGTAGTACCGTTCCTGACTAGTGGGTCTTGGTTAGGTC6AAC6TATGTTGTCAATACTC 

7158 bell, 

Va IGlnVa 1 ProVa 1 LeuPheProLysl 1 eArqAsnG 1 yGluVal ThrAspThrTyrGlu 
GTCCAGGTCCCTGTACTGTTTCCAAAAATAAGGAATGGGGAGGTTACAGATACTTACGAG 
CAG6TCCAGGGACATGACAAAGGTTTTTATTCCTTACCCCTCCAAT6TCTATGAATGCTC 

AsnTyrSerPheLeuAsnAlaArqLysLeuGlyGluAspVal ProVa 1 Tyrl 1 eTyrA I a 
AACTACTCATTCCTAAATGCAAGAAAACTAGGGGAAGATGTACCTGTGTACATTTATGCC 
TTGATGAGTAAGGATTTACGTTCTTTTGATCCCCTTCTACATGGACACATGTAAATACGG 

ThrGluAspG luAspLeuAl aVa 1 AspLeuLeuGlyLeuAspTrpProAspProGl yAsn 
AC CGA AGATGAAG AC CTGGCAGT AGACCTT CT AGGCTTGGACTG&CCCGACCCAGGbAAC 
TGGCTTCTACTTCTGGACCGTCATCTGGAAGATCCGAACCT6ACCGGGCTGGGTCCCTTG 

GInGlnValValGluThrGlyLysAlaLeuLysGlnValValGlyLeuSerSerAlaGlu 
CAGCAAGTAGTGGAGACTGGGAftAGCACTGAAGCAAGTGGTAGGACTGTCCTCTGCTGAG 
GTCGTTCATCACCTCTGACCCTTTC6TGACTTCGTTCACCATCCTGACA6GAGACGACTC 

7440 bsnl, 

AsnAlaLeuLeuIleAlaLeuPheGlyTyrValGlyTyrGlnAlaLeuSerLysArgHis 
AATGCCCTGCT CATAGCCCTGTTTGGGT ATGT AGGATAT CAAGCTTTGT CAAAAAGACAC 
TTACGGGACGAGTATCGGGACAAACCCATACATCCTATAGTTCGAAACAGTTTTTCTGTG 

7475 ecprS, 7481 hindlll, 

Val ProMetlleThrAspI leTyrThrl leGluAspGlnArqLeuGluAspThrThrHis 
GTCCCAATGAT C ACAGACAT AT ACACCAT AGAAGATCAAAGACTAGAGGACACAACCCA C 
CAGGGTTACTAGTGTCTGTATATGTGGTATCTTCTAGTTTCTGATCTCCTGTGTTGGGTG 

7508 bell, 

LeuGl nTyrAl aProAsnAl a I 1 eArqThrGluG iyLysG 1 uThrGluLeuLysGluLeu 
CTCCAATATGCACCTAATGCTATAAGAACTGAGGGGAAGGAGACTGAACTAAAGGAATTA 
GAGGTTATACGTGGATTACGATATTCTT6ACTCCCCTTCCTCT6ACTT6ATTTCCTTAAT 

Al aValGl yAspNetAspArq HeHetGluSer I leSerAspTyrAl aSerGlyGlyLeu 
GCAGTGGGTGACATGGACAGAATCAT6GAATCCATCTCAGAJTATGCATCAG6AGGGTTG 
CGTCACCCACTGTACCTGTCTTAGTACCTTAGGTAGA6TCTAATACGT AGTCCTCCCAAC 



7664 ava3, 



\ 



ThrPhelleArqSerGlnAl aGluLysVa 1 ArqSerAlaProAlaPheLysGluAsnVal 
ACATTCATAAGATCTCAGGCAGAGAAAGTAAGATCTGCCCCTGCATTCAAAGAAAACGTG 
TGTAAGTATTCTAGAGTCC6TCTCTTTCATTCTAGACGGG6ACGTAAGTTTCTTTT6CAC 

7690 bglll, 7711 bglll, 

GluAlaAlaLysGlyTyrVal61nLysPhellBA5pAlaLBuIleGluAsnLys61uThr 
GAAGCTGCAAAAGGGTACGTCCAAAAGTTTATTGATGCTCTTATTGAAAACAAAGAAACC 
CTTCGACGTTTTCCCATGCAGGTTTTCAAATAACTACGAGAATAACTTTTGTTTCTTTGG 

IlelleArgTyrGiyLeuTrpGlyThrHisThrAlaLeuTyrLysSerlleAlaAlaAra 
ATAATCAGATATGGCTTATGGGGAACACACACGGCACTTTACAAPA6TATTGCCGCAAGA 
TATTAGTCTATACCGAATACCCCTTGTGTGT6CCGT6AAATGTTCTCATAACG6CGTTCT 



7861 



7921 



LeuGlyHisGluThrAlaPheAlaThrLeuVallleLysTrpLeuAlaPheGlyGlyGlu 
CTGGGGCATGAAACAGCATTTGCTACGCTAGTGATAAAGT6GCTAGCCTTCGGGGGT6AG 
GACCCCGTACTTTGTCGTAAACGATGCGATCACTATTTCACC6ATCGGAA6CCCCCACTC 

7902 nhel, 

ProVa lSerAspHisValArgGlnAlaThrValAspLeu^ 

ccggtgtcagatcatgtgagacaggcgaccgttgaEctggtcgtttattatgtgatgaac 
ggccacagtctagtacact ctgtcc6ctg6caactggaccagcaaataatacactacttg 

7954 tthllll, 



/I'lAM 0208672 

Fiqurc 2 - Sheet 10of 14 



7981 



BOM 
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TTATTCA7CTCCGCTCTGGCAACCTACACATACAAGACTT66AACTACCACAACCTCTCC 
AAT AAGTAGAGGC6AGACCGTTGGATGTGTATGTTCTGAACCTTGA^ 

LysVal Va 161 uProA 1 aLeuAl aTyrLeuProTyrA 1 aThrSer A 1 aLeuLvsMetPh* 

aAggtagtagaaccagctttggcatAcctcccct^ 

TTCCATCAT CTTGGT CGAAACCGTATGGAGGGGATGCGATGGTCA^ 
8151 Ktnnl, 

T^rProThrArqLeuGluSerGluVall leLeuSerThrThrl 1 eTyrLvsThrTvrLeu 

Bi6i accccaactagactggagagcgaggttatacttagcactacaat^ 

TGGGGTTGATCTGACCTCTCGCTCCAATATGAATCGTGATGTTATATGTTTTG^ 

Serl 1 eArgLysGl yLysSerAspG IvLeuLeuG 1 yThrGl vIleSerAl *A1 aH-fr;i ( , 

B22i tcaataagSa£ggg6aaaagtga^ 

AGTTATTCCTTCCCCTTTTCACTACCTGAGAACCCATGT CCCTAATCACGCCGTTA^ 

o-»o- U5tSi!§ er 5 lnAsnProValSerVal6 ^neSerValMetLeuGlyValGlvAlaIle 
8281 ATTCTGTCACAGAACC C6GTAT CGGTAGGtATATCTGTTATGCTGGGB^ 

TAAGACAGTGTCTTGGGCCATAGCCATCCGTATAGACAATACGACCCCCAC^ 

828A tthllll, 

A 1 aAl aHi sAsnA 1 a I leGluSerSerGl uGl nLvsAroThri eni pnHofi ue u>t dk» 
8341 GCCGCTCACAATGCC^TTGAGTCTAGCGAAC^ 

CGGCGAGTGTTACGGTAACTCAGATCGCTTGTTTTTTCCTGGGACAACTACTTTCACAAG 
6391 Hmnl, 

- • VaiLysAsnPheTrpSerGlnAlaAlaThrAspGluLeuValLvsGIuAsnProGluLv* 
8401 eTAAAAAACTTCTGgAGCCAGG^ 

CATTTTTT6AAGACCTCGGTCCGTCGTTGTCTACTTAACCACTTCCTTTTAGGTCTTTTT 

„ . . „ iie^leMetAlaLeuPheGluAlaValGlnTlirlleGlyAsnProLBuArQLeuIlBTvp 
8*61 ATAAT'AATGGCCCTATTTGAAGCAGTTCAGACAATTGGtAACCCTCTGA^ 

TATTATTACCGGGATAAACTTCGTCAAGTCTGTTAACCATTGGGAGACTCCGAATATA^ 

8*79 xmnl, 8*97 bstE2, 

85*1 ?^^J5TTT55T5TTT^£Tv9$' kA6G ^ T ^" GAAGCAA ^ AGAAC TATCCGAGAGGACAGCA 
GTGGACATACCTCAAATGATGTTTCCGACCCTTCGTTTTCTTGATAG6CTCTCCTGTCGT 

8S81 GGtAGGAACCTGTTCACTTT6ATAATGTTCGAAGCTTTCGAACTGTTAGGGATGGAtTCT 
CCGTCCTTGGACAAGTGAAACTATTACAAGCTTCGAAAGCTTGACAATCCCTACCTGA6A 

8586 xmnl, 8612 hindlll, 

GluGlyLysI 1 eArgAsnLeuSerGlyAsnTyrl leLeuAsoLeul leTvrSerLeuHls 
86*1 GAAGGfeAjGATAAGgAACCTGTCTGGXAATT^ 

CTTCCCTTCTATTCCTTGGACAGACCTTTAATATA6AACCTAAACTA6ATATCAAAT6TA 

A-»n« A^fri?ii? A f5A?9fl5bSyVY5 L Y sValValLeu61 Y Tr B AlaProA la' , roPheSer 
8701 AAACAGATAAACAGAA6CTTGAAGAAAGTGGTCCT6GGGTGGG 

TTT6TCTATTTGTCTTCGAACTTCTTTCACCAGGACCCCACCC6AGGGCGTGGAAAATCA 

8715 hindlll , 

8761 IsI^H^^icctagtgaTgagagaa™ 

ACACTGACCTGAGGATCACTACTCTCTTAATCCAATGGGTGTCTGTT6ATA6ATTCTCAC 
8792 bstE2, 

GluThrLysCysProCysGlyTyrGluHetLysAlaLeuArgAsnValSerGlySerLeu 
8821 GAGACTAA6TGCCCATGTGGTTATGAGAT6AAAGCACTAAGGAACGTTAGTGGCAGTCTT 
CTCT6ATTCACGG6TACACCAATACTCTACTTTCGTGATTCCTT6CAATCACCGTCA6AA 

Thr lleValGluGluLysGlyProPheLeuCysArdAsnArgProGlyArqGl yProVal 
8881 ACTATAGTGGAAGAGAAAGGGCCTTTTCTCTGTAG6AACA66CCTGGTAGAGG6CCAGTT 
TGATATCACCTTCTCTTTCCCGGAAAAGAGACATCCTTGTCCGGACCATCTCCCGGTCAA 

8920 stul, 8938 hpai t 
mot A As "lyrArgValThrLvs TyrTyrAspAs pA*nLeuAlaG lull eLy sProVa 1 Arc Arc 

89*^1 aact^tagagttacaaAatActatgatgaCaacctcgcagagataaagccagttcgaaga 
ttgatatctcaat6tttt atgatactactgttg6agcgtct ctatttcggtcaagcttct 
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t?V5iV9AYtfyy5i51yyi5!r rT Y rL V s6l Y VdlThr AlaArgI leAspTyrGiyLys 
CTA6AA66ACT CGTG6AGCACT ATT ACAAAGGT6TCACAGCA AGGATA6ATT ATGGC AAG 
GATCTTCCTGAGCACCT CGTGATAATGTTT CCACAGTGT CGTT CCT ATCTAATACCGTTC 

555$55£I5S TGTT fi 6CCACT6A ' A ^ ATG GoAGGTGGAGCACG6TATCGTAACTAGSTTG 
CCTTTTTACGACAATCGGTGACTATTTACCCTCCACCTCGTGCCATAGCATTGATCCAAC 
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^i?V^5^5lY5:I5£:5 l x ValG1 x PheL y s6l y AlaT y rLeuGl y As e GluPro A6nHis 

GCGAAGAAGTACACTGGTGTTGGGTTCAAGGGAGCATACCTGGGTGACGA6CCCAACCAC 
CGCTTCTTCATGTGACCACAACCCAA6TTCCCTCGTATGGACCCACT6CTCGGGTTGGTG 

ArgAspLeuValGluArqAspCysAlaThrlleThrLysAsnThrVaiGlnPheLeuLys 

S5 Tga " tagtggaaag * gact6tg caaccataaccaaaaatacagttcagtttttgaaa 
gcact6gatcacctttctctgacacgttggtattggtttttatgtcaagtcaaaaacttt 

^Si l ry5 , :Y?SIX£^ sAldPheThrT y rAs P Leu SerLeuSerAsnLeuThrArqLeuIlB 
$I5^$5$ii55^ TGTGCATTTACCTAT6ACTTGT CCCTGTCCAATTTGACCAG6TTAATT 
TACTTCTTTCCGACACGTAAATGGATACTGAACAGGGACAGGTTAAACTGGTCCAATTAA 

5$$IIS5T5£ A £ AAAAATAACCTTGAAGAGAAAGA CATACCAGCCGCCACATTAACAACA 
CTTAACCACGTGTTTTT ATTG6AACTTCTCTTTCTGTATG6TCG6C6GT6TAATT6TTGT 

$X?i=5V^iil5f!:Itl r EbS V a l AsnCluAsplleGlyThrlleLysProValLeuGlyGlu 

I5SS!£SFT ACACATTT6TGAATGAA ^ 

ACGGATCGAATGTGTAAACACTTACTTCTATAGCCCTGATATTTTGGTCATGAX:CCCCTC 
9388 ecorS, 9408 seal, 

$S$SIS$ISS££S5i££ AGTGGTA6AEATTAACTTACAACCAGAAG TGCAGGTGGATACA 
TCTCACTATCGGCT6GGTCACCATCTGTAATTGAATGTTGGTCTTCACGTCCACCTATGT 

serGiuvai<Hyii^ 

IS$S$S5TT G §2 AT £ ACTCTGGTTGGAAGAGCAGCCTTGA T GA CAACAG6TATTACACCC 
AGTCTCCAACCCTAGTGAGACCAACCTTCTCGTCGGAACTACTGTTGTCCATAATGTGGG 

y5i^5i5 luL Y sThrGluProAsnAlaAs B G1 YSerProSerSerlleLyslleGlyLeu 
fIS5II5^5$S5£S G 0 G " TAATGCCGA T GGfcAGTCCAAGCTC TATAAfcGATTGGACTG 
CACCAACTTTTTTGTCTCGGATTACGGCTACCGTCAGGTTCGAGATATTTCTAACCT6AC 

P51y5iYSX5lY5:?5: o 5 l XE r 2 Ar 9 ProGlnAs B HisThrL * uA l aA sp G l«IleHis 

GA £ GAAGGA ltlI^ 

CTGCTTCCTACAATGGGTCCCGGATCTGGCGTTCT6GTGTGAAATCGACT6CTTTATGTA 

S?E A E9 As E GluAr 9 ProPheValLeuVa l^ e « G lySerArqSerSerMetSerAsnArq 
IST55S5fi* GAAAGGcccTTTGTTTTGGT CTTGG6TTCAAGAAGTTCCATGTCAAATAGA 
AGATCCCTACTTTCCGGGAAACAAAACCAGAACCCAAGTTCTTCAA6GTACAGTTTATCT 



$ I aUysThrA I aArgAsol leAsnCysThrGl nLysArgProGlnGlu! leArqAspLeu 
9721 GCAAAAACTGCTAGAAACATCAACT6TACACAGAAAAGACCCCAGGAAATTAGA6ATCTG 
CGTTTTTGACGATCTTTGXAGTTGACATGTGTCTTTTCTGGGGTCCTTTAATCTCTAGAC 

9774 bglll, 

MetAlaGlnGlyArqMetLeuValValAlaLeuArgSerP^ 
9781 A I GG C A CAAGGGCGTATGCTAGTAGTGGCTTTAAGAAGTTTCAATCCTGAGTTGTCTGAA 
TACC6TGTTCCCGCATACGATCATCACCGAAATTCTTCAAAGTTAGGACTCAACAGACTT 

9640 spel f 
oAi , LeuValAspPheLvsGlyThrPheLe 

9841 CTAGTTGATTTCAAGGGGACTTTCTTGGATAGGGTTGCCTTGGAA6CCCTTAGCCTGG6G 
GATCAACTAAAGTTCCCCTGAAAGAACCTATCCCAACGGAACCTTC6GGAATC66ACCCC 

9900 bgll t 

ProGlyArgProLysGlnValThrThrAlaThrValLysGluLeuLeuGlu61nGluGlu 
9901 CCGGGAAGGCCCAAGCAGGTAACCACA6CCACAGTTAAGGAGTTGCTAGAGCAAGAGGAA 
GGCCCTTCCGGGTTCGTCCATTGGTGTC6GTGTCAATTCCTCAACGATCTC6TTCTCCTT 

9918 bstE2 f 



GlnValGluI leProAsnTrpPheGWAiaAspAspProValPhei-euGluValAl aLau 
9961 CAAGTCGAGATCCCCAACTGGTTCGGTGCGGATGACCCAGTCTTCTTGGAAGTAGCTCTG 
GTTCAGCTCTAG6GGTTGACCAAGCCACGCCTACTGGGTCAGAA6AACCTTCATC6AGAC 

9994 tthllll. 
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x LyBGlyAspLysIyrHisLeuValGlyAspValAspLysValLvsAsDGlnAl aivcci .* 
If • AAGGGtGACAAATACCACTTAGTAGGTGATGTAGATAAAGTAAAAGAtCAAGC 
. TTCCCACT6TTT AT6GTGAATCATCCACTACATCTATTTCATTTTCTAGTTC6TTTCCCT 

LeuGIyAlaThrAspGlnThrArgI leValLysGluValGlvAlaAraThpTvpTheMafr 
11 CTAGGGGCCACGGACCAAACTAGAATAGTAAAAGAAGTAGGTGCGAG^ACCT^ 

GATCCCC6GTGCCTG6TTT6ATCTTATCATTTTCTTCATCCACGCTCTT6GAT6TGTTAC 

it aAgctgtctagttggtttcttcaagcatcaagtaaacagatgagc^ 
ttcgacagatcaaccaaagaagttcgtagttcatttgtctact^ 

$?y5! u tSyt euLeuAr gCysProProLysMetLysA«nA»nLvsGl vHl*IloGlvB»r. 
)1 GAGGAACTGTT6CTTCGTTfaCCCTCCCAAGATGAAGAACAATAAAGG^ 

CTCCTTGACAACGAAGCAACGGGAGGGTTCTACTTCTTGTTATTTCCC^ 

$ijtI^?Sl?t5 uAla61n61 X AsnTr B s l up PO Leu AspCyBGIyV«IHi«LeuGlvThr 
Jl SSSI^S^CTAGCTCAGGGCAACTGGGAACCCCTCGAYTGT^ 

CGGATGGTT6ATC6A6TCCCGTTGACCCTTGG6GAGCTAACACCTCATGTG6ACCC6T66 

I lePraAlaArgArgVa ILysI leHisProTvrGluA laTvrLeuLv«L>ui u .>..i _,, 
:i ATACCTGCCAGGAGgWaaGATCCACCCATATgUgGCC^^ 

TATG6ACG6TCCTCCCATTTCTAGGT6GGTATACTCCGGATAGACTTTGACT^ 
10349 ndel, 10355 stui , 

LeuGiuGluGluGluArgLysProGluGlyAraAsoThrVall l»Ar*nGl«iUi «A«ni 

ACCTA6GA6TTTTTTCACTCCG6TG6TTCCTTTG6AGTTAT6TTTCTTTTAG6A6TTGG6 
10442 bamhl, 

« wmmmmmmmmmm 

10718 bglll, 

10811 pstl, 10821 xbal, 108*5 seal, 
* j, ^rrirV?rr?r^5RSlVt5V{IS A E9 As E Le uLysThrGlyArgLysIleArgTyrTvr 

TATCAACTACTTTTCTTTG6TTCTCACTAA6TTATGGGACTTC6ATTCTGTTCT6ACCG6 
11036 ball, • . * . 

n il?Ir?A^!^?iA?JTX5: A !'; Tr E v * 1 l-YBGlnGlnProValValIlBPro61yTyrGlu 

1 a IS a SI a ?0 g IIOISI5£ aa Stg6gtgaagcagcagcctgttgtgatcc^ 

tagt6atttcaatacat6tt6acccacttcgtcgtcggacaacacta6ggtcccatactt 



»01 



CCCTTCTG666TAATAAGTTCTA6AAATT6TTCCATTCTTTCCTTACCCTG6AcKgTTA 
11120 bglll, 



G luPcoVa 1 AlaVa lSerPheAspThrLysAlaTppAsoThrGlnVa lThrS»i.A-»A«« 
GAGCCAGTAGCTGTGAGTTTTGAtACTAAGGCCTGG^ 

CTCGGTCATCGACACTCAAAACTATGATTCCGGACCCTGTGGGTTCAGTGATCATCCCTA 
11189 stul, 11209 spel, 



LeuArgLeuIleGlyGluIleGlnLysTyrTyrTyr ArqLysGluTrpHlsLy«PheI l» 
21 ST$SSSST T A TT6e TGAAATTCAAAAATATTACTACA6GAAGGAGTGGCACA^TTCATC 
GATGCCGAATAACCACTTTAAGTTTTTATAATGAT6TCCTTCCTCACC^ 

11246 sspl, 11278 cUl, 




11307 kpnl, 

t« iiftrSA??^^l?^9SiX S 5 rS1 i: Glr » Pr oAspThrSBrAlaGlyAsnS*p«etLBU 

TATTCTTTACCTGTTTCCCCATCACCGGTCGGTCTGTGTTC6CGTCCATTGTC6TACGAT 
11364 ball, 11393 sphl , 

11406 hpal, 

TTATCTCAACGTTCCTAG6TACAGACACCCCTACTGCCGAAGGACTATTGTCTCTCCCCC 
11474 banhl, 1H76 bstXI, 

TTTTTATTGTCTTCCCCTTTCTTACTTTCGAACGGATATCCAAACTCCGTATCTCAAAAC 
11607 hindlll , - - 

a« r?rrr?ri?I^*55^2^j:9 L y sC X BLBuIleIlePra AlaAlaThrTrpProValGly 
,A1 ?I^^i$?$SS$5IS££CGfAAGTGTCT6ATAATACCAGCA 

GAGGGTGTGTGGTCAGGGGCATTCACAGACTATTATGGTCGtCGATGTACCGGCCATCCG 

TGAC6GTAATATAATAGTTTCTACCGGTTGTTCTAACCTAATTCACCTCTCTCTCCAT6G 
11723 ball, 11755 kpnl, 

... I^pAlaTy^GluLysAlaVa 1 Al'aPheSerPheLeuLeuMetTyrSerTrpAsnProLeu 
' &1 $£5 G CATATGAAAAGGCAGTGGCTTTCAGTTTCTTGTTGATGTA 

TGCCGTATACTTTTCCGTCACC6AAAGTCAAAGAACAACTACATGA6GACCTTA66TGAA 

11765 ndcl, 

CATTCCTCCTAAACAGAG6ACCAA6AAAGTGTCGTAGGTCTTTGTCGAG6TA6TTG6GTC 

BD < Til£???lY':lYElyE L ysGlyAspProlleGlyAlaTyrLysAspVal IleGlyLysAsn 
881 ^ISIIiSTATnTAAAGGAGAtCCAATAGGeGCC^^ 

tggagaatgataatatttcctctgggttatccccggatatttcta<:aatatcctttttta 

... . LBuSer61uLeuLysArgThrGlyPheGluLysLeuAlaAsnLeuAsnLeuS«rL*uS»r 
9*1 CTGAGTGAACTAAAAAGGACGGGtTTTGAAAAATTGGCTAATCTAAATCTAAGCCTGTCC 
GACTCACTTGATTTTTCCTGCCCAAAACTTTTTAACC6ATTA6ATTTAGATTCGGACAGG 
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t T6TGATCCTTA6ACCAG6TTT6TATGTTCATTTGCTTATTAG6TCCT6ACACATTG6TAG 
12102 ecorS, 12117 ball, 



12169 icmnl, 




12284 pvull, 
SerOP 



ATAAACT 
AATATATATTTGA 



g?i*li*SIJ5*lgZlS«itlgit$i*i|i|$l|S|l^T 1| JT i| *CT« ||Mf «CCC 
12*52 aatll, 12457 ncol , 

•81 TTAACAGCCCCA 
AATTGTCGGGGT 
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Description 

Technical Field 

5 This invention relates to the field of vaccines and diagnostics for infectious diseases. Specifically, it 
relates to the disease syndrome caused by bovine diarrhea virus, and to vaccines, therapeutics, and 
diagnostics derived from the genomic sequence associated with the BDV virus. 

Background Art 

10 

Morbidity and mortality caused by bovine diarrhea virus (BDV) in dairy and beef herds is a worldwide 
unsolved economic problem. A subclinical form characterized by high morbidity and low mortality is 
endemic and is associated with diminished respiratory capacity, neonatal diarrhea, ulcerations in the 
digestive tract, immunodeficiency, and, in calf bearing bovines. abortion and teratogenicity. The disease is 

is recognizable in calves, but adult carriers are difficult to identify. 

An acute form of the disease results from infection of the fetus in the first trimester of pregnancy. The 
course of this form of the disease is insidious. The calves may survive the first infection, but those that do 
become immunotolerant, and excrete live viruses. They cannot survive a second infection. Since their 
capacity as carriers cannot be detected by titration of their sera, these animals are responsible for 

20 spreading of the disease from herd to herd. 

BDV also infects hog populations. In hogs, it is important to distinguish animals as being infected by 
either BDV or hog cholera virus, since hog cholera is an economically important disease, while the bovine 
diarrhea infection is of transient significance, and could, for the most part, be ignored. Hogs infected with 
cholera must be slaughtered, and since present diagnostic methods in hogs cannot distinguish between 

25 these two types of infection, hogs which are. in fact, only infected with BDV must also be destroyed. 

Present means of detection of BDV infection in calves are equally deficient, in that they rely on titration 
for antibodies in sera, which titration will fail to detect the immunotolerant calves. Thus, a diagnostic method 
is desired, but presently unavailable, which is capable both of detecting the presence of the virus in 
newborn animals with chronic infections, and in distinguishing between hog cholera virus and BDV 

30 infections. This could be accomplished either using antibodies with high affinity and specificity for the virus 
particles or using nucleic acid oligomeric probes capable of specific hybridization to the viral sequences. 

Similarly, in addition to the need for improved diagnostics, there is, at present, no effective vaccine 
which is successful in preventing the spread of the disease caused by BDV. It is, of course, desirable that 
such a vaccine would confer long-term immunity, would not infect the fetus of the inoculated animal, and 

35 would have no undesirable side effects such as induction of immunotolerance to the virus, or depression of 
the immune system. These characteristics are difficult if not impossible to acquire in an attenuated or killed 
virus vaccine. Such vaccines, for the most part, constitute the present state of the art (Saurat, P., et al, "La 
Maladie des Muqueuses" (1972) pp. 229-251, L'Expansion scientific francaise Paris). Recently, Fernelius. A. 
L, et al, (Am J Vet Res (1971) 32:1963-1979) have reported a vaccine prepared from a high molecular 

40 weight soluble antigen obtained by density gradient centrifugation from BDV virus grown in embryonic 
bovine kidney cells. 

The approaches used in the art for the detection of and protection against bovine viral diarrhea have 
been largely empirical and have not utilized refined knowledge of the nature of the vector causing the 
disease. The bovine diarrhea virus has, however, been classified, along with hog cholera and border 

45 disease viruses as a pestivirus which is a member of the family Togaviridae (Porterfield, J. S., "The 
Togavirions. Biology, Structure, Replication" Schlesinger. W., Ed. (1 980), Academic Press, pp. 17-24). 

By analogy to other togaviruses, these viruses should contain a capsid protein and two or three 
membrane glycoproteins (Horzinek, M.C.. Non-arthrpod borne Togaviruses (1981), Academic Press. London. 
Epitopes which are capable of raising antibodies associated with neutralization and protection against 

so infection are expected to be contained in the membrane proteins (e.g., see Boere, W., et al, J Virol (1984) 
52:572-582). The pestiviruses are also characterized by soluble antigens that are approximately 80 kD 
proteins. A 76 kD protein from BDV has, in fact, been used as an experimental vaccine (Fernelius. A.L., et 
al, supra). 

55 
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Disclosure of the Invention 

The invention is as described in the appended claims 1 to 21. 

The invention provides cDNA copies of the entire bovine diarrhea virus RNA genomic sequence. This 
makes available the entire repertoire of peptides synthesized by the virus, and makes possible the 
preparation of proteins which contain epitopes effective and specific in generating desired antibodies and, in 
providing cells suitable for production of monoclonal antibodies. The primary structure of the genome also 
provides the necessary information to construct oligomeric sequences useful as diagnostic probes. 

The protein products are thus able to serve as vaccines to protect animals subject to infection by this 
virus from subsequent illness. The accessibility of the entire genome provides opportunities for production 
of effective proteins, such as major virion components and individual virion subunits which would be 
unavailable using "native" production techniques, i.e., from viral infection of tissue cultured cells. 

Accordingly, in one aspect, the invention relates to a nucleotide sequence substantially identical with 
that representing the entire genome of BDV as shown in Rgure 2. Other aspects of the invention concern 
DNA or RNA sequences derived from portions of the genome, said sequences not necessarily representing 
contiguous portions. These are useful both as diagnostic probes and as coding sequences for desired 
proteins. 

Other aspects of the invention include expression systems for the foregoing DNA derived from BDV 
which are effective in expressing this DNA in suitable heterologous hosts, including procaryotes, yeast, and 
mammalian cells. Live viral vectors, such as vaccinia , can also be used as carriers, and permit expression 
of the desired antigens along with the carriers 1 proteins in infected cells. Also included in the invention are 
hosts transformed with these expression systems and the proteins thus produced. The proteins produced in 
this way, or chemically synthesized to correspond to the deduced sequence, may be used as vaccines 
either alone, or in conjunction with carrier proteins which enhance their immunogenicity. In addition, the 
proteins may be used, either alone or conjugated with carrier, to elicit production of antibodies which are 
useful in diagnosis of carriers of the disease or in other immunoassays related to BDV. 

The invention also relates to methods for preparing these polypeptide vaccines and immunoglobulins, 
and to methods of using the materials thus prepared. 

Brief Description of the Drawings 

Rgure 1 shows the map of overlapping segments of cDNA which, together, make up the entire BDV 
genomic sequence and cDNA fragments used to construct E. coli expression vectors. 

Rgure 2 shows the complete nucleotide sequence foTthe BDV genome. The cDNA contains the 
identical sequence, except, of course, that T will be substituted for U. The deduced amino acid sequence, 
based on the open reading frame, and confirmed by expression of segments is also shown. 

Modes of Carrying Out the Invention 

A. Definitions 

As used herein, a nucleotide sequence "substantially identical" to the exemplified BDV genome refers 
to a sequence which retains the essential properties of the exemplified polynucleotide. A specific, but non- 
limiting example of such substantial equivalence would be represented by a sequence which encodes the 
identical or substantially identical amino acid sequence, but, which, because of codon degeneracy, utilizes 
different specific codons. Nucleotide changes are. indeed, often desirable to create or delete restriction 
sites, provide processing sites, or to alter the amino acid sequence in ways which do not adversely affect 
functionality. "Nucleotide sequence" refers both to a ribonucleotide and a deoxyribonucleotide sequence 
and includes the positive sense strand, as shown, and the negative sense strand as weil. 

A DNA sequence "derived from" the nucleotide sequence which comprises the genome of BDV refers 
to a DNA sequence which is comprised of a region of the genomic nucleotide sequence, or a combination 
of regions of that sequence. These regions are. of course, not necessarily physically derived from the 
nucleotide sequence of the gene, but refer to polynucleotides generated in whatever manner which have the 
same or "substantially identical" sequence of bases as that in the region(s) from which the polynucleotide is 
derived. For example, typical DNA sequences "derived from" the BDV genome include fragments encoding 
specific epitopes, fragments encoding portions of the viral polypeptide, sequences encoding the capsid 
proteins, sequences encoding deleted virions, and sequences encoding other useful viral genes. 
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"Recombinant host cells", "host cells", "cells", "cell lines", "cell cultures*, and other such terms 
denoting microorganisms or higher eucaryotic cell lines cultured as unicellular entities, are used inter- 
changeably, and refer to cells which can be. or have been, used as recipients for recombinant vector or 
other transfer DNA, and include the progeny of the original cell transfected. It is understood that the 

5 progeny of a single parental cell may not necessarily be completely identical in morphology or in genomic 
or total DNA complement as the original parent, due to accidental or deliberate mutation. Progeny of the 
parental cell which are sufficiently similar to the parent to be characterized by the relevant property, such as 
the presence of a nucleotide sequence encoding a desired peptide, are included in the progeny intended 
by this definition, and are covered by the above terms. 

to "Control sequence" refers to DNA sequences which are necessary to effect the expression of coding 
sequences to which they are ligated. The nature of such control sequences differs depending on the host 
organism: in procaryotes, generally such control sequences include a regulatory region promoter and 
ribosome binding site and termination signals; in eucaryotes, generally, such control sequences include 
promoters, terminators, and. in some instances, transcriptional enhancers. The term "control sequences" is 

is intended to include, at a minimum, all components whose presence is necessary for expression, and may 
also include additional components whose presence is advantageous. 

"Operably linked" refers to a juxtaposition wherein the components so described are in a relationship 
permitting them to function in their intended manner. A control sequence "operably linked" to a coding 
sequence is ligated in such a way that expression of the coding sequence is achieved under conditions 

20 compatible with the control sequences. 

B. General Description 

At the center of the present invention is the provision of a nucleotide sequence containing the entire 
25 genome of bovine diarrhea virus. The availability of this complete polynucleotide permits the design and 
production of oligomeric probes for diagnosis, of vaccines effective against BDV. and of proteins useful in 
production of neutralizing antibodies. Sequencing information available from the genome allows the amino 
acid sequence of the polypeptide to be deduced, and locations of favorable epitopes surmised. Further, 
once the desired sequences are chosen, appropriate fragments of the genome can be obtained and 
30 expressed independently, thus providing desired polypeptides. Short polypeptide fragments may also be 
chemically synthesized and linked to carrier proteins for use as immunogens. Recombinantly expressed 
polypeptides may be provided under conditions offering a favorable environment for processing into, for 
example, conjugation with cellular or artificial membranes which could thus bear the epitopic sites without 
the disadvantages of using an infectious virus. Mammalian and yeast cells provide suitable environments for 
35 such expression. In addition, the epitopes may be produced linked to a particle forming protein. 

The above proteins produced may, themselves be used as vaccines, or may be used to induce 
immunocompetent B cells in hosts, which B cells can then be used to produce hybridomas that secrete 
antibodies useful in passive immunotherapy and diagnosis. 

40 B.1. Nucleotide Sequence of the BDV Genome 

The genomic sequence of BDV was obtained from cDNA clones representing overlapping sections of 
the entire viral RNA genome (Figure 1). The viral RNA was isolated from virus grown on bovine embryonic 
kidney cells. The viral RNA was fractionated on sucrose gradients, and those fractions containing RNA of 

45 sufficient length to contain the intact genome were pooled, ethanol precipitated, and used to prepare a 
cDNA library. cDNA inserts were screened initially using a (+/-) system. Positive hybridizations were 
against RNA isolated from virus after lysis of infected cells, negative hybridizations were against RNA 
isolated from uninfected cells. One insert having the proper + /-response was then used as a reference 
clone to map the remainder of the library. Several colonies hybridizing to the positive insert were used to 

so obtain additional portions of the viral genome from the cDNA library using "walking" techniques. Ten cDNA 
clones were obtained representing overlapping portions of the viral genome, as shown in Figure 1, and were 
subjected to restriction mapping and sequencing. The entire genomic sequence was deduced from these 
ten cDNA inserts, and is shown in Figure 2. 

The illustrated DNA sequence and portions thereof are useful directly as diagnostic tools for detecting 

55 the presence of BDV in infected animals. These are particularly useful in distinguishing BDV infections from 
hog cholera virus. Methods to employ DNA hybridization in diagnosing disease have been disclosed in U.S. 
Patent No. 4,358,535 to Falkow. As set forth therein, biological samples may be used directly in obtaining 
Southern blots using suitable probes. Since the BDV genome is different from that of hog cholera virus, 
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specific portions of the BDV sequence may be used to detect the presence of corresponding complemen- 
tary sequences in biological samples from subjects suspected of harboring the infection. 

B.2. Preparation of Viral Polypeptide Fragments in E. coli 

5 

The availability of the entire genomic sequence permits construction of expression vectors encoding 
presumptively antigenically active regions of the virion proteins. Fragments encoding the desired proteins 
are obtained from the cDNA clones using conventional restriction digestion and ligated into a series of 
vectors containing polylinker sites in all possible reading frames to generate fusion proteins at the C- 
w terminal end of 0-galactosidase. Eleven portions of the BDV genome were expressed as 0-gal fusions in E. 
coli using this approach, as outlined in Figure 1. These portions were obtained by restriction cleavage 
and/or ligation of the ten original clones, or the original cloned sequences were used directly. The fusion 
proteins thus produced may be immunogenic. 

*s B.3. Preparation of Antigenic Polypeptides and Conjugation with Carrier 

Peptide regions representing epitopes can be synthesized using chemical or recombinant methods, and 
provided with, for example, cysteine residues at the C-terminus which provide means for linking the 
peptides to neutral carrier proteins. A number of techniques for obtaining such linkage are known in the art, 

20 including the formation of disulfide linkages using common reagents such as N-succinimidyl-3-(2-pyridyl- 
dithio)propionate (SPDP) and succinimidyl-4-(N-maleimido-methyl)cyclohexa^e-1-carboxylate(SMCC) ob- 
tained from Pierce Company. Rockford, Illinois. These reagents create a disulfide linkage between 
themselves and peptide cysteine residues in one protein and an amide linkage through the «-amino on a 
lysine, or other free amino group in the other. A variety of such disulfide/amide-forming agents are known. 

25 See, for example. Immun Rev (1982) 62:185. Other bifunctional coupling agents form a thioether rather than 
a disulfide linkage. Many of these thioether-forming agents are commercially available and include reactive 
esters of 6-maleimidocaproic acid, 2-bromoacetic acid, 2-iodoacetic acid, 4-(N-maleimido-methyl) 
cyclohexane-1 -carboxylic acid, and the like. The carboxyl groups can be activated by combining them with 
succinimide or 1-hydroxy-2-nitro-4-sulfonic acid, sodium salt. The foregoing list is not meant to be 

30 exhaustive, and modifications of the named compounds can clearly be used. 

Any carrier may be used which does not itself induce the production of antibodies harmful to the 
subject, such as the various serum albumins, tetanus toxoids, or keyhole limpet hemocyanin (KLH). 

The conjugates, when injected into suitable subjects, result in the production of antisera which contain 
immunoglobulins specifically reactive against not only these conjugates, but also against fusion proteins 

35 carrying the analogous portions of the sequence, and against whole BDV. 

B.4. Preparation of Mammalian Cell Membranes Containing BDV E pitopes 

Portions of the cDNA library comprising the BDV genome were also ligated into expression vectors 
40 compatible with mammalian recombinant host cells; in the illustration below, into a mammalian/bacterial 
shuttle vector containing a linker sequence downstream of the SV40 early promoter, which is followed by 
the polyA sequence also derived from SV40. Alternate vectors to this particular host vector, pSV7d, could, 
of course, also be used. The mammalian-compatible vectors containing the coding sequences for the 
desired polypeptides are then transformed into suitable mammalian cells for expression of the sequences 
45 and, in the case of surface glycoproteins, transport of the produced protein to the membrane. The cells are 
ultimately harvested and used as whole cells in the formulation of vaccines, or the membranes are 
disrupted and portions of the membranes used correspondingly, or the proteins purified and formulated into 
vaccines. 

so B.5. Preparation of Hybrid Particle Immunogens Containing BDV Epitopes 

The immunogenicity of the epitopes of BDV may also be enhanced by preparing them in mammalian or 
yeast systems fused with particle-forming proteins such as that associated with hepatitis B virus (HBV) 
surface antigen (HBsAg). Constructs wherein a BDV epitope is linked directly to the particle-forming protein 
55 coding sequences produce hybrids which are immunogenic with respect to the BDV epitope, as well as to 
HBV epitopes. 

Hepatitis B surface antigen has been shown to be formed and assembled in S. cerevisiae (Valenzuela 
et al, Nature (1982) 298:344-350. The formation of such particles has been shown to enhance the 
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immunogenicity of the monomer subunit. The particles can also be formed from constructs which contain 
the presurface (pre-S) region in addition to the mature surface antigen. The pre-S region encodes an 
immunodominant HBV epitope and these proteins are expressed in yeast (Neurath et al, Science (1984) 
224:392-394). Expression of constructs encoding pre-S region fused to particle forming protein are 
disclosed in European Patent Application 0 174 444. Expression of coding sequences for hybrid particles 
containing HBsAg and a heterologous epitope are disclosed in U.S. 4,722,840. These constructs may also 
be expressed in mammalian cells such as Chinese hamster ovary cells using an SV40-dihydrofolate 
reductase vector (Michelle et al, Int Symp on Viral Hepatitis (1984)). 

In addition, portions of the particle-forming protein coding sequence per se may be replaced with 
codons for an BDV epitope. In this replacement, regions which are not required to mediate the aggregation 
of units to form immunogenic particles in yeast or mammals can be deleted, thus eliminating additional 
hepatitis B antigenic sites from competition with the BDV epitope. 

B.6. Vaccinia Carrier 

Large, wide host range virus carriers have also been used in formulating vaccines by integrating the 
epitopic regions of the desired immunogen into the carrier viral genome. Vaccinia virus, in particular, has 
been used for this purpose. For example, Smith, G.L, et al, Proc Natl Acad Sci (USA) (1983) 80:7155-7159, 
disclose the integration of the hemagglutinin gene from influenza virus into the vaccinia genome and use of 
the resulting recombinant virus as a vaccine. Similarly, Panicali, D. f et al, ibid (1982) 79:4927-4931, cloned 
the thymidine kinase gene from Herpes simplex virus into vaccinia. The availability oFthe BDV genome of 
the invention offers similar opportunities. The recombination is generally done by co-infecting cells both 
with vaccinia virus and with a chimeric plasmid carrying the desired coding sequence under the control of 
the transcriptional regulatory signals and RNA start site from the vaccinia virus gene adjacent to a 
translational start site/foreign protein coding sequence. During infection the similarity in the flanking DNA 
sequences of the foreign DNA sequences to those in vaccinia causes integration of the desired portion of 
the chimeric plasmid into the vaccinia genome. The resulting recombinant vaccinia can be harvested from 
the infected cells and used in the formulation of a vaccine. Vaccinia virus has an extremely large (120 x 10 6 
dalton) genome, and may be very easily grown in culture. Hence, the production of large amounts of 
inexpensive immunogenic vaccine is readily possible. 

B.7. Preparation of Vaccines 

Preparation of vaccines which contain peptide sequences as active ingredients is also well understood 
in the art. Typically, such vaccines are prepared as injectables, either as liquid solutions or suspensions; 
solid forms suitable for solution in, or suspension in, liquid prior to injection may also be prepared. The 
preparation may also be emulsified or the protein encapsulated in liposomes. The active immunogenic 
ingredient is often mixed with excipients which are pharmaceutical^ acceptable and compatible with the 
active ingredient. Suitable excipients are, for example, water, saline, dextrose, glycerol, ethanol, or the like 
and combinations thereof. In addition, if desired, the vaccine may contain minor amounts of auxiliary 
substances such as wetting or emulsifying agents, pH buffering agents, or adjuvants which enhance the 
effectiveness of the vaccine. The vaccines are conventionally administered parenterally, by injection, for 
example, either subcutaneously or intramuscularly. Additional formulations which are suitable for other 
modes of administration include suppositories and, in some cases, oral formulations. For suppositories, 
traditional binders and carriers may include, for example, polyalkaline glycols or triglycerides; such 
suppositories may be formed from mixtures containing the active ingredient in the range of 0.5% to 10%, 
preferably 1%-2%. Oral formulations include such normally employed excipitents as, for example, phar- 
maceutical grades of manitol, lactose, starch magnesium stearate, sodium saccharine, cellulose, magne- 
sium carbonate and the like. These compositions take the form of solutions, suspensions, tablets, pills, 
capsules, sustained release formulations or powders and contain 10%-95% of active ingredient, preferably 
25%-70%. 

The proteins may be formulated into the vaccine as neutral or salt forms. Pharmaceutical^ acceptable 
salts, include the acid addition salts (formed with the free amino groups of the peptide) and which are 
formed with inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids 
as acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups may also be 
derived from inorganic bases such as. for example, sodium, potassium, ammonium, calcium, or ferric 
hydroxides, and such organic bases as isopropylamine, trimethylamine, 2-ethylamino ethanol. histidine, 
procaine, and the like. 
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The vaccines are administered in a manner compatible with the dosage formulation, and in such 
amount as will be therapeutically effective and immunogenic. The quantity to be administered depends on 
the subject to be treated, capacity of the subject's immune system to synthesize antibodies, and the degree 
of protection desired. Precise amounts of active ingredient required to be administered depend on the 
s judgment of the practititioner and are peculiar to each subject. 

B. 8. Preparation of Mabs Against BDV Epitopes 

The immunogenic proteins or immunoconjugates prepared as described above may be used to obtain 
10 peripheral blood lymphocytes and spleen cells in injected mammals to prepare hybridomas capable of 
secreting monoclonal antibodies directed against these epitopes. The resulting monoclonal antibodies are 
particularly useful in diagnosis, and, those which are neutralizing are useful in passive immunotherapy. 

C. General Methods 

75 

The general techniques used in extracting RNA from the virus, preparing and probing a cDNA library, 
sequencing clones, constructing expression vectors, transforming cells, and the like are known in the art 
and laboratory manuals are available describing these techniques. However, as a general guide, the 
following sets forth some sources currently available for such procedures, and for materials useful in 
20 carrying them out. 

C.1. Hosts and Expression Control Sequences 

Both procaryotic and eucaryotic host cells may be used for expression of desired coding sequences 

25 when appropriate control sequences are used compatible with the designated host. Procaryotes are more 
useful for cloning; either procaryotes or eucaryotes may be used for expression. Among procaryotic hosts, 
E - c Ql ' is most frequently used, mostly for convenience. Expression control sequences for procaryotes 
include promoters, optionally containing operator portions, and ribosome binding sites. Transfer vectors 
compatible with procaryotic hosts are commonly derived from, for example, pBR322. a plasmid containing 

30 operons conferring ampicillin and tetracycline resistance, and the various pUC vectors, which also contain 
sequences conferring antibiotic resistance. The foregoing operons may be used as markers to obtain 
successful transformants by selection. Commonly used procaryotic control sequences include the 0 
lactamase (penicillinase) and lactose promoter systems (Chang, et al, Nature (1977) 198:1056, the 
tryptophan (trp) promoter system (Goeddel. et al. Nucleic Acids Res (1980) 8:4057) and theTderived P L 

35 promoter and N gene ribosome binding site (Shimatake, et al, Nature (1981) 292:128). The foregoing 
systems are particularly compatible with E. coli ; if desired other procaryotic hosts such as strains of Bacillus 
or Pseudomonas may be used, with corresponding control sequences. 

Eucaryotic hosts include yeast and mammalian cell culture. Saccharomyces cerevisciae, or Baker's 
yeast and Saccharomyces carlsbergensis are the most commonly used yeast hosts, again because of 

40 convenience. Yeast compatible vectors carry markers which permit selection of successful transformants by 
conferring prototrophy to auxotrophic mutants or by conferring antibiotic resistance or resistance to heavy 
metals on wild-type strains. Yeast compatible vectors may employ the 2 micron origin of replication 
(Broach, J., et aJ, Meth Enz (1983) 101:307) the combination of CEN3 and ARS1, or other means for 
assuring replication, such as sequences which will result in incorporation of the appropriate fragment into 

45 the host cell genome. Control sequences for yeast vectors include promoters for the synthesis for glycolytic 
enzymes (Hess, et al, J Adv Enzyme Reg (1968) 7:149, Holland, et al, Biochemistry (1978) 17:4900), and 
the promoter for 3 phosphoglycerate kinase (Hitzeman, et al, J Biol Chem (1980) 255:2073). For yeast 
expression, terminators may also be included, such as those derived from the enolase"gihe (Holland, M. J., 
J Biol Chem (1981) 256:1385). Particularly useful control systems include those specifically described 

so herein, which comprise the glyceraldehyde-3 phosphate dehydrogenase (GAPDH) promoter or alcohol 
dehydrogenase (ADH) regulatable promoter, terminators also derived from GAPDH, and, if secretion is 
desired, leader sequence from yeast alpha factor. These systems are described in detail in U.S. 4,876,197 
and US 4,870,008 

Mammalian cell lines available as hosts for expression include many immortalized cell lines available 
55 from the American Type Culture Collection, including HeLa cells, Chinese hamster ovary (CHO) cells, baby 
hamster kidney (BHK) cells, and a number of other cell lines. Suitable promoters for mammalian ceils 
prominently include viral promoters such as that from Simian virus 40 (SV40) (Fiers, et al, Nature (1978) 
273:113) or other viral promoters such as the Rous sarcoma virus (RSV) adenovirus, and bovine papiloma 
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virus (BPV). Mammalian cells may also require terminator sequences. Vectors suitable for replication in 
mammalian cells may include viral replicons, or sequences which insure integration of the appropriate 
sequences into the host genome. 

5 C.2. Transformations 

The transformation procedure used depends on the host to be transformed. Bacterial transformation 
generally employs treatment with calcium or rubidium chloride (Cohen, S. N., Proc Natl Acad Sci (USA) 
(1972) 69:2110, Maniatis, et al, Molecular Cloning: A Laboratory Manual (1982) Cold Spring Harbor Press, p. 
w 254). Yeast transformations may be carried out using the method of Hinnen, A. ( et al, Proc Natl Acad Sci - 
(USA) (1978) 75:1929-1933. Mammalian transformations are conducted using the calcium phosphate 
precipitation method of Graham and van der Eb, Virology (1978) 52:546, or the various modifications 
thereof. 

f5 C.3. Vector Construction 

Vector construction employs techniques which are by now quite well understood. Site-specific DNA 
cleavage is performed by treating with suitable restriction enzyme under conditions which generally are 
specified by the manufacturer of these commercially available enzymes (see, e.g., The New England 

20 Biolabs Product Catalog). In general, about 1 ug of plasmid or DNA sequence is cleaved by 1 unit enzyme 
in about 20 ul buffer solution for an incubation time of about 1-2 hr at about 37* C. After incubation with the 
restriction enzyme, protein is removed by phenol/chloroform extraction and the DNA recovered by 
reprecipitation with ethanol. The cleaved fragments may be separated using polyacrylamide or agarose gel 
electrophoresis techniques, according to the general procedures found in Methods in Enzymology (1980) 

25 65:499-560. 

Sticky ended cleavage fragments may be blunt ended using E. coli DNA polymerase I (Klenow) in the 
presence of the appropriate deoxynucleotide triphosphates (dNTPs) using incubation conditions appropriate 
to the polymerase. The polymerase digests protruding 3' single strands, but fills in 5' protruding ends, 
according to the dNTPs present in the mixture. Treatment with S1 nuclease may also be used, as this 

30 results in hydrolysis of any single stranded DNA portion. 

Ligations are carried out using standard buffer and temperature conditions using T4 DNA ligase. and 
ATP; sticky end ligations require less ATP and less ligase than blunt end ligations. When vector fragments 
are used as part of a ligation mixture, the vector fragment is often treated with bacterial alkaline 
phosphatase (BAP) in order to remove the 5' phosphate and thus prevent religation of the vector; 

35 alternatively, restriction enzyme digestion of unwanted fragments can be used to prevent religation. 

Ligation mixtures are transformed into suitable cloning hosts, such as E. coli, and successful transfor- 
mants selected by, for example, antibiotic resistance, and screened for the correct construction. 

C.4. Construction of Desired DNA Sequences 

40 

Synthetic oligonucleotides may be prepared using an automated oligonucleotide synthesizer as de- 
scribed by Warner, B. D. f et al, DNA (1984) 3:401-411. If desired, these synthetic strands may be kinased 
for labeling with ^P by using an excess of polynucleotide kinase in the presence of labeled ATP, under 
standard kinasing conditions. 

45 DNA sequences including those isolated from genomic or cDNA libraries may be modified by site 
directed mutagenesis, as described by Zoller. M, et aJ. Nucleic Acids Res (1982) 10:6487-6499. Briefly, the 
DNA to be modified is packaged into phage as a single stranded sequence, and converted to a double 
stranded DNA with DNA polymerase using, as a primer, a synthetic oligonucleotide complementary to the 
portion of the DNA to be modified, and having the desired modification included in its own sequence. The 

so resulting double stranded DNA is transformed into a phage supporting host bacterium, and cultures of the 
transformed bacteria, which will contain replications of each strand of the phage, are plated in agar to obtain 
plaques. Theoretically 50% of the new plaques will contain phage having as a single strand the mutated 
form; 50% will have the original sequence. Replicates of the plaques are hybridized to kinased synthetic 
probe at temperatures and conditions which permit hybridization with the correct strand, but not with the 

55 unmodified sequence. The thus identified, desired, modified sequences are then recovered and cloned to 
serve as sources for the desired DNA. 
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C.5. Hybridization with Probe 

DNA libraries are probed using the procedure of Grunstein and Hogness (Proc Natl Acad Sci (USA) 
(1975) 73:3961). Briefly, in this procedure, the DNA to be probed is immobilized on nitrocellulose filters, 
denatured, and prehybridized with a buffer containing 0V50% formamide, 0.6 M NaCI, 60 mM sodium 
citrate, 0.02% (wt/v) each of bovine serum albumin, polyvinyl pyrollidine, and Ficoll, 50 mM sodium 
phosphate (pH 6.5). 1% glycine, and 100 ug/ml carrier denatured DNA. The percentage of formamide in the 
buffer, as well as the time and temperature conditions of the prehybridization and subsequent hybridization 
steps depends on the stringency desired. Oligomeric probes which require lower stringency conditions are 
generally used with low percentages of formamide, lower temperatures, and longer hybridization times. 
Probes containing more than 30 or 40 nucleotides such as those derived from cDNA or genomic sequences 
generally employ higher temperatures, e.g. about 40-42* and a high percentage, e.g. 50% formamide. 
Following prehybridization. this same buffer, now containing the ^P kinased oligonucleotide probe, is added 
to obtain hybridization. Radioautography of the treated filters shows the location of the hybridized probe, 
and the corresponding locations on replica filters which have not been probed can then be used as the 
source of the desired DNA. 

C. 6. Verification of Construction and Sequencing 

For routine vector constructions, ligation mixtures are transformed into E. coli strain HB101 or other 
suitable host, and successful transformants selected by antibiotic resistance or other markers. Plasmids 
from the transformants are then prepared according to the method of Clewell, D. B., et al, Proc Natl Acad 
Sci (USA) (1969) 62:1159, usually following chloramphenicol amplification (Clewell, D. B., J Bacteriol (1972) 
110:667). The isolated DNA is isolated and analyzed by restriction analysis, or sequenced by the dideoxy 
method of Sanger. F., et al, Proc Natl Acad Sci (USA) (1977) 74:5463, as further described by Messing, et 
al, Nucleic Acids Res (1981) 9:309. or by the method of Maxam, et al, Methods in Enzymology (1980) 
65:499. 

D. Examples 

The following examples are intended to illustrate but not limit the invention. The procedures set forth, 
for example, in Us D.1 and D.2 may. if desired, be repeated but need not be, as techniques are available for 
construction of the desired nucleotide sequences based on the information provided by the invention. 
Expression is exemplified in E. coli and in yeast, however other systems are available as set forth more 
fully in HC.1. Additional epitopes derived from the genomic structure may also be produced, and used to 
generate antibodies as set forth below. 

D.1. Preparation of cDNA 

D.I .a. Production of BVD Virus 

Bovine Embryonic Kidney ceils (BEKI) cells were grown in MEM (Earl's) containing 0.85 g/l NaHC03 
and 10% of irradiated fetal calf serum. The biologically cloned Osloss strain of BVD virus was passaged 5 
times through BEKI cells at a multiplicity of 0.1. Cytopathic effects, consisting of clustering of cells followed 
by vacuolation and then cell lysis, were readily observable from the first passage. Final titers (~ 10 s pfu/ml) 
were obtained after recovery of virus by freezing and thawing of infected cells. 

For the virus production. 175 cm 2 plastic flasks of subconfluent BEKI cells were used. The cells were 
washed 3 times with infection buffer (MEM (Earl's) + 2.2 g/l NaHCOa, pH 7.6) and then were infected with 
2 ml of BVD in infection buffer at a multiplicity of 0.05 pfu/cell. After 1 hr at 35* C. 18 ml of infection buffer 
was added and the cells were incubated for 4-5 days at 35 'C, after which cytopathic effect (vacuolation 
followed by cells lysis) was greater than 80%. In a typical production, 150 flasks of cells were infected. The 
medium (about 3 liters) was collected and stored at 4 # C. The remaining cells were scraped in 2 ml of 
infection buffer/flask, subjected to 3 cycles of freezing and thawing, and the final suspension was added to 
the infection medium. After a centrifugation at 10,000 g for 30 min, the supernatant was concentrated 10- 
fold by ultracentrifugation at 120,000 g for 4 hrs and 40 min at 4*C. 

Infectious virus had a density of 1.12 g/ml as measured by isopicnic banding in sucrose density 
gradient, and appeared as 45-55 nm spherical particles by electron microscopy. The virus preparations 
were neutralized by anti-BVD antiserum from rabbits injected with virus or from bovines. 
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D.I .b. Extraction and Purification of Viral RNA 

RNA was isolated from the virus pellet by the CsCI/guanidinium thiocyanate method as described by 
Chirgwin. et al. Biochemistry (1979) 18:3294, and the purified RNA stored in 70% ethanol at -20 *C. This 
5 RNA preparation contained a large amount of contaminating low molecular weight cellular RNA and intact 
viral RNA. Viral RNA was further purified by sucrose density gradient centrifugation as follows: 

An aliquot containing an estimated amount of 5 ug of BVD-RNA was centrifuged at 10,000 g for 15 min 
at 4 # C. The pellet was washed with 80% ethanol. denatured in 375 ul of 99% DMSO (99%). 5 mM Tris-HCI 
(pH 7.5) and incubated for 5 min at 37*C. After addition of 1.125 ml of 5 mM Tris HCI (pH 7.5), ImM 

io EDTA. 1% Sarkosyl. the solution was heated for 2 min at 70 *C and quenched on ice. This solution was 
distributed on 5x15-30% sucrose gradients in 5 mM Tris HCI (pH 7.5), 10 mM EDTA. 0.1 M NaCI. 1% 
Sarkosyl (in sterile siliconized Beckman SW40 tubes). A sixth gradient was loaded with 3* end labeled RNA 
as a marker (see below). After a centrifugation for 16 hrs at 19,000 rpm (20 # C), the gradients were 
fractionated (1 ml fractions). The RNA from each fraction of the gradient corresponding to that containing 

T5 marker-labeled RNA was precipitated with 2.5 volumes of ethanol in the presence of carrier yeast RNA (10 
ug) and subjected to formaldehyde agarose gel electrophoresis, Lehrach, et al, Biochemistry (1977) 
16:4743, to determine which fraction contained the BDV-RNA band. Fractions corresponding to those 
containing the BDV-RNA, were pooled from the parallel gradients and precipitated with 2.5 volumes of 
ethanol. washed with 80% ethanol and stored at -20 *C in 70% ethanol. 

20 The purified viral RNA was labeled with ^P-pCp (3000 Ci/n mol) according to England, et al, Meth 
Enzymol (1980) 65:65-74, and analyzed by agarose gel electrophoresis in the presence of 2.2~~M 
formaldehyde as described in Lehrach, et al, (supra). Fluorography was done with 3 H-Enhancer (NEN) as 
recommended by the manufacturer. 

The majority of the radioactivity was associated with low molecular weight RNA (less than 2 kb), but a 

25 small proportion was found in a high molecular band approximately 12.5 kb, identified as RNA by labeling 
properties with RNA ligase, its sensitivity to RNAse and alkali, and resistance to DNAse and proteinase K. In 
agreement with other reports on togaviruses of the flavivirus group, the BDV-RNA did not bind to oligo dT 
cellulose, showing either the absence of a polyA stretch at the 3' end, or that, if present, the polyA is 
extremely short. Control Sindbis virus RNA was properly retained by the same column. 

30 These properties of the 12.5 kb band were identical with those shown by RNA extracted from BEKI 
cells, grown as follows: 

BEKI cells were grown in 25 cm 2 plastic flasks, washed 3 times with infection buffer, and infected at 
multiplicities of 50-100 pfu/cell with 1 ml of BDV solution. After one hour at 35* C, 4 ml of infection buffer 
was added and the incubation was continued. After 12. 15. 18, 21 and 36 hrs (36 hr corresponds to a 

35 complete cycle of BDV replication), the newly synthesized RNA was labeled with 3 H-uridine (100 uCi/dish). 
Uninfected cellular RNA harvested after 18 hrs of incubation was also analyzed. After 30 min of labeling, the 
cellular RNA was extracted using the CsCI/guanidinium thiocyanate method of Chirgwin et al, 1979 (supra). 
The pellet of RNA, obtained after ultracentrifugation through a 5.7 M CsCI cushion, was directly analyzed by 
formaldehyde agarose gel electrophoresis and gel was dried and fluorographed. In all the incubation times 

40 tested, a 12.5 kb band which is absent in the uninfected cells could be detected which has the same 
physico-chemical properties as shown by the RNA above. 

D.1.c. Preparation of cDNA 

45 The viral RNA isolated from the virus in UD.I.b. was polyadenylated using the method of Sippel, Eur J 
Biochem ( 1973 >> 37:31-40. Briefly, the estimated amount of 0.7 ug of purified BVD RNA was incubatedlnS 
ml of 5 mM methylmercury hydroxide for 10 min at room temperature and incubated for 6 min at 37* C with 
20 units of polyA polymerase (BRL) and 500 uCi of 3 H-ATP (36 Ci/mmol, Amersham) in 50 ul of 50 mM 
HCI (pH 7.5). 10 mM MgCfe. 2.5 mM MnCfe. 0.3 M NaCI. 1.5 mM 2-mercaptoethano) and containing 2.5 ug 

so of RNAse-free BSA and 5 units of human placental ribonuclease inhibitor (BRL). After phenol/chloroform 
extraction, the RNA was purified by chromatography on Sephadex G50 and precipitated with 2.5 volumes of 
ethanol. The polyA RNA was used to prepare probes and as a template for the cDNA library. 

To make probes 1 ug of the polyA RNA was incubated for 10 min at room temperature in 5 ul of 10 
mM methylmercury hydroxide and then 45 min at 37 *C with 40 units of reverse transcriptase in 100 ml of 

55 50 mM Tris HCI (pH 8.3), 10 mM MgCI 2 . 1.5 mM 2-mercaptoethanol, 1 mM dATP, dGTP and dTTP, 10 uM 
dCTP, 0.2 mg/ml of actinomycin D, 5 units of human placental ribonuclease inhibitor, 500 uCi of alpha ^P- 
dCTP (3000 Ci/mmole, Amersham) and 20 ug of oligonucleotides obtained by partial digestion with DNAse 
I of calf thymus DNA (random primers). After 15 and 30 min, ten more units of reverse transcriptase were 
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added. After phenol/chloroform extration and Sephadex G50 column chromatography the RNA was 
hydrolyzed with 0.1 M NaOH (1 hr at 65 *C) thus yielding single stranded cDNA strands. The solution was 
neutralized with 0.1 M acetic acid and added directly to the hybridization buffer. 

For the cDNA library two separate cloning protocols involving dT (12-18) primers or random (calf 
thymus), DNA-derived oligonucleotide primers were used. RNA polyadenylated in vitro as described above 
was used. Approximately 1 ug polyadenylated RNA was incubated with 10 mM methylmercury hydroxide in 
a 10 ul volume for 10 min at room temperature, and excess reagent was titrated by adding 1 ul of a 3M 2- 
mercaptoethanol solution. This denatured polyA RNA was used immediately in the presence of 50 mM Tris 
pH 8.0. 1 mM dATP, dGTP, dCTP and dTTP, 2.5 ug/ml dT12-18 or the calf thymus random oligonucleotide 
primers, 10 mM MgCb. 10 ug/ml actinomycin D, 100 units of RNAse inhihitor (BRL) and 60 units of reverse 
transcriptase in a total volume of 100 ul. 

The samples were diluted to 400 ul with a buffer containing 10 mM Tris pH 7.0. 100 mM NaCI, 10 mM 
EDTA and 0.2% SDS extracted with phenol/chloroform, freed of dNTPs by Sephadex G50 chromatography, 
and ethanol precipitated. 

The precipitated mixture of RNA and cDNA hybrids (10 ul) were diluted into 50 ml of SI buffer (500 
mM NaCI. 50 mM Na acetate pH 4.5 and 1 mM ZnCfe and digested for 15 min at room temperature with 20 
units of S1 nuclease. The reaction was stopped by diluting the sample to 500 ml with a buffer containing 50 
mM NaCI, 10 mM EDTA and 50 mM Tris pH 7.0. and digestion was continued for 15 min at room 
temperature by adding 20 ug/ml of RNAse A. After phenol and chloroform extraction, the RNAxDNA 
hybrids were concentrated by ethanol precipitation and fractionated on a Sepharose CL4B column prepared 
in a 1 ml plastic pipette. The excluded peak, containing molecules larger than 800 base-pairs, was pooled 
and ethanol precipitated to give 50 ng of hybrid for the dT primed, and 200 ng of hybrid for the random calf 
thymus fragment primed reactions. 

Both samples were tailed for dC residues under conditions yielding 15-25 residues per DNA or RNA 
termini, and annealed to a dG tailed pBR322 vector linearized at the Pstl site (NEN) at a vector 
concentration of 0.1 ug/ml. The annealed plasmids were transformed into E. coli HB101 to Amp R to obtain 
the cDNA library. 

D.2. Screening of the cDNA Library 

Screening employed a +/- method using labeled cDNAs prepared from RNA isolated from uninfected 
BEKI cells (-probe) and from RNA isolated from the virus obtained after complete lysis of the cells ( + 
probe). Colonies of the E. coli harbored cDNA library were grown, lysed on nitrocellulose filters (two 
replicas) and probed. The hybridization buffer used for + probe also contained an excess of cellular RNA 
isolated from uninfected BEKI cells (10 mg/ml). The colonies which gave a clear signal with the + probe 
and no response with the - probe were selected. By this method. 95 oligo dT-primed and 185 random 
primer primed clones were selected. The length of the inserts after Pstl digestion varied from 400 to 4,000 
base pairs. No full-length virus specific cDNA was obtained. 

One of the clones, pDT28. with a 880 bp insert was selected for further analysis. This fragment from a 
Pstl digest of plasmid DNA was purified by acrylamide gel electrophoresis, digested with Ddel and Mbol 
and then labeled with the Klenow fragment of DNA polymerase I and the four ^P dNTPs to yield IfZ-IO 4 
cpm/mg of insert. Labelled insert was verified by hybridization to viral RNA fractionated on a 0.9% agarose 
gel electrophoresis in presence of formaldehyde (Smiley, et al, Anal Biochem (1983) 131:365-372). 
Stringent hybridization conditions were used: prehybridizations and hybridizations were overnight at 42 # C, 
and 50% formamide was used in hybridizations. Washing was at 65 *C first with 2xSSC, 0.1% SDS and 
then with 0.2xSSC and 0.1% SDS. 

In the foregoing verification, RNA from uninfected cells was used as negative control. The absence of 
exogenous viral sequences in the genome of the cells was verified by failure of cellular DNA digested with 
BamHI and EcoRI to bind to pDT28 probe in Southern blot analysis. The RNA from infected cells after 24 
hrs of infection at a multiplicity greater than 1, and from the pellet of virus after complete cell lysis were 
used as positives. No hybridization was detected with the RNA from the uninfected cells, but the inserts 
hybridized to an approximately 13 kb band of the RNA isolated from the infected cells or from the pellet of 
virus. 

The plasmid pDT28, which had been verified to contain a Pstl insert which binds to the viral RNA, was 
used to probe the cDNA library for additional clones, and the entire sequence was recovered by "walking" 
techniques. In this way. eight additional plasmids were recovered which span the entire 12.5 kb genome of 
the virus. The positions of the overlapping inserts are shown in Figure 1. As shown in Rgure 1, the pDT28 
clone occupies a roughly central portion of the genome. The 8 additional plasmids recovered from the 
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cDNA library in a manner analogous to that described above, but using the appropriate overlapping 
sequence-containing clone as probe, were grown in E. coli , and the plasmid DNA isolated. The inserts were 
sequenced, and verified to contain overlapping portions. The results of this sequencing are shown in Figure 
2, which provides the entire genomic RNA sequence ascertained from the inserts. 

The orientation shown in Figure 2 was determined by subcloning pDT28 into M13 into both orientations, 
labeling the resultant phage, and using the labeled phage as a probe against RNA known to be of positive 
polarity. This was done by spot hybridization on nitrocellulose filters using uninfected cell RNA, infected cell 
RNA, and template viral RNA. The infected cell RNA and template RNA should be of positive polarity. 
Therefore, the M13 orientation hybridizing to infected cell RNA and viral RNA contains a negative sense 
strand, and from this information, the 5* to 3' sequence of inserts from pCT63 to pCT185 could be deduced. 

This conclusion was confirmed by analysis of the sequence of pCT63, which indicates its capability to 
form the expected hairpin structure at the 5* end. and by the absence of additional clones in the cDNA 
library having additional 5' sequences to that of pCT63. 

D.3. Expression of Sequences Encoding flGal-BDV Fusions in E. coli 

Twelve portions of the BDV genome were obtained as follows: (1) the entire cDNA sequences per se, 
(2) products of restriction cleavage (with Pstl or BamHI or both) of the foregoing cDNAs, and (3) a ligated 
sequence obtained by ligating the pCTl85 cDNA with a fragment of another. (See the table below.) These 
portions were used to encode the BDV portions of the fusion proteins. These eleven BDV protein encoding 
sequences were cloned into one of or a mixture of pUR290, pUR291, and pUR292, which contain restriction 
sites, e.g., BamHI and Pstl sites in all three possible reading frames with the 0-gai codons, so as to encode 
fusion proteins at the C-terminai portion of the 0-galactosidase protein (Ruther, U.. et al, Embo J (1980) 
2:1791-1794). Since all three possible reading frames are provided for the restriction sites used, the correct 
reading frame in at least one of the vectors for the fusion protein is assured. Table 1 summarizes the 
vectors prepared and the BDV sequence contained in each. Nucleotide numbers are as indicated in Figure 



Tablet 



Name 


pUR Parent 


BDV Insert Derived from 


BDV Nucleotides Contained in pUBVD 
Vectors (Numbers as in Fig. 2) 


pUBVDI 


pUR290 


pCT63 


1397-2607 


pUBVD2 


pool 


pCT36 


2037-2574 


pUBVD4 


PUR292 


PCT183 


2955-4560 


pUBVDS 


pool 


pDT28 


5650-6450 


pUBVDB 


pUR290 


pCT174 


7225-10718 


pUBVD7 


pool 


pCT174 


-9500-10811 


pUBVD8 


pUR292 


pDT65 


10442-10811 


PUBVD9 


pUR292 


pDT65 + pCT185 


10442-12470 


PUBVD10 


pUR290 


PCT185 


11030-12457 


PUBVD11 


PUR290 


pCT185 


11405-12457 


PUBVD12 


PUR291 


pCT63 


597-1397 


PUBVD13 


pUR290 


pDT28 + pDT17 


-6000—7800 



Each of the twelve cDNA sequences was mixed with T4 ligase in the presence of Pstl-digested 
mixtures of pUR290, 291, and 292 (or of one of these if the correct reading frame was deduced) and the 
ligation mixture transformed into E. coli strain D1210 (Lad* mutant of HB101) to Amp R . Successful 
transformants were confirmed by hybridization with labeled insert, and isolated plasmid DNA was analyzed 
by restriction analysis to confirm correct orientation. Expression was induced in successful transformants 
containing correctly oriented inserts by treating with IPTG (1 mM) on L-broth medium containing 40 ug/ml 
ampicillin. Three hours after induction, the cells were harvested, and lysed by sonication. The fusion 
proteins were produced as inclusion bodies, and the inclusion bodies were harvested by the method of 
Klempnauer, et al, Cell (1983) 33:345-355, and stored at -20* C suspended in 10 mM Tris (pH 8.0), 1 mM 
EDTA. Approximately 10-30 mg inclusion body proteins were obtained per ml of culture. 
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D.4. Characterization of the Fusion Proteins 

The fusion proteins were characterized as to their antigenic properties both in insoluble and solubilized 
forms. 

Inclusion body proteins solubilized in 1% SDS or 7 M urea followed by dialysis to a final concentration 
of 1 mg/ml are unreactive with sera from infected calves or from rabbits infected with purified virus. 

Preparation of Antisera . Both solubilized and unsolubilized inclusion bodies were injected into rabbits 
using peri-lymph nodal immunizations with 500 ug protein emulsified with Freund's complete adjuvant, with 
boosting every 4 weeks (IM injection of 500 ug emulsified in adjuvant) and bled 10 days after boost. Control 
antisera were prepared from infected calves or from rabbits injected with purified virus. The antisera were 
tested for immunoactivity by ELISA and immunofluorescence, and by Western blot and immunoprecipita- 
tion. 

Western blot and immunoprecipitation yield complementary information with respect to reactivity. In 
immunoprecipitation, the native protein mixture is reacted with the test serum and the immunoprecipitate 
subjected to SDS-PAGE. Therefore, immunoprecipitation assesses immunoreactivity with the native protein. 

However, in the Western SDS blot procedure, PAGE is performed before the antisera are tested for 
precipitation with the proteins on the gel. Therefore. Western blot assesses reactivity with denatured protein. 

The results of these procedures are given below. 

Results . The control antisera were immunoreactive with respect to proteins extracted from the virus 
pellet produced on BEKI cells, and showed immunoprecipitation with the 76 kD protein presumed to be the 
major antigenic component, as well as minor components presumed to be, at least in part, virion proteins 
having molecular weights of 36, 43, 47, 51 and 56 kD. No immunoprecipitation occurred when the control 
antisera were tested on Western blot. Control antisera against infection thus react with antigens in the native 
protein, but not after denaturation. 

Immunoprecipitation and Western Blot . Most of the antisera formed in response to the fusion proteins 
were negative both in assay by immunoprecipitation and, like the control antisera, on Western blot. 

However, there were exceptions. The antiserum generated by fusion protein 7 immunoprecipitates the 
36 kD protein from BEKI-grown virus and reacts by Western blot to the 76 kD and 51 kD bands. Antiserum 
from fusion 5 immunoprecipitates 3 sizes of proteins: 64, 98, and 105 kD, sizes not precipitated by control 
antisera. Antiserum from fusion 9 precipitates a 58 kD band, also not precipitated by the control antisera. 
The significance of MW of the materials is not clear since it is not clear which, rf any, of these proteins 
represent glycosylated materials with corresponding alterations in molecular weight. 

EL| SA (carried out according to the procedure of Bartlett, et al. in Protides of the Biological Fluids , H. 
Peeters, ed., Pergamon Press. Oxford, 1976, 24:767-770) used partially purified virus as antigen. Only the 
antiserum prepared against fusion protein 7 was positive at a 1:40 titer; serum prepared against fusion 
proteins 5 and 11 had titers of 1:4 and 1:8, respectively. Nonimmune sera were negative. 

Immunofluorescence was conducted using labeled live or fixed infected cells. The antiserum prepared 
against fusion protein 11 was slightly positive in immunoreactivity with live cells; on cells fixed with 
methanol, acetone, or formaldehyde, serum prepared from fusion protein 7 gave the same strong response 
as control antisera from the infected animals, whereas antisera 5 and 3 were weakly positive against 
proteins extracted from the virus pellet produced on BEKI cells. 

Claims 

1. A nucleotide sequence encoding a bovine diarrhea related polypeptide which is a region of the bovine 
diarrhea virus genomic sequence shown in Figure 2, or a combination of regions of that sequence. 

Z A nucleotide sequence encoding a viral polypeptide substantially identical with that encoded by the 
bovine diarrhea virus genomic sequence shown in Rgure 2, 

3. A recombinant expression system capable, in a compatible host cell, of effecting the production of a 
bovine diarrhea virus related polypeptide which system comprises a DNA sequence of claim 1 being 
operably linked to a control sequence compatible with said host. 

4. The system of claim 3 which further includes upstream of said DNA sequence, and in reading frame 
therewith, a fused nucleotide sequence encoding a host protein or portion thereof. 
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5. The system of claim 4 wherein the fusion DNA sequence encodes an N-terminal portion of 0- 
gaiactosidase. 

6. A recombinant vector which comprises the expression system of claim 3. 

7. Recombinant host cells transformed with the vector of claim 6 or with a vector comprising the system 
of claim 4 or 5. 

8. Polypeptide substantially identical with the entirety of the amino acid sequence as represented in 
Figure 2, or with a region or combination of regions thereof. 

9. Polypeptide according to claim 8, which is further fused to a host protein or portion thereof. 

10. A vaccine effective against bovine diarrhea virus which comprises the polypeptide of claim 8, and 
pharmaceuticaliy acceptable excipients. 

11. A vaccine according to claim 10, further containing an immunogenic particle, which particle comprises 
a polypeptide having an amino acid sequence capable of forming a particle when said sequence is 
produced in a eucaryotic host. 

12. The vaccine of claim 11 wherein the particle forming amino acid sequence is derived from hepatitis B 
virus. 

13. The vaccine of claim 12 wherein the particle forming amino acid sequence is derived from HBsAg. 

14. A method for preparing a polypeptide according to claim 8, which comprises culturing the cells of claim 
7 and recovering the recombinant polypeptide. 

15. A method for preparing an anti-bovine diarrhea virus vaccine which comprises the method of claim 14, 
and further adding pharmaceuticaliy acceptable excipients. 

16. Use of a polypeptide according to any of claims 8 and 9 for the preparation of tests for the 
immunological detection of fusion proteins of the bovine diarrhea virus. 

17. Use of a nucleotide sequence according to claim 1 for the construction of oligomeric sequences useful 
as diagnostic probes. 

18. Use of a nucleotide sequence according to claim 1 for the preparation of a vaccine comprising as 
carrier a live viral vector permitting expression of a desired bovine diarrhea virus antigen along with a 
carrier's protein in infected cells. 

PatentansprUche 

1. Nukleotidsequenz, die den Code eines mit der Rinderdiarrhoe zusammenhSngenden Polypeptids 
entha'lt, und die ein Bereich der in der Rgur 2 wiedergegebenen Genomsequenz des Rinderdiarrhoevi- 
rus, oder eine Kombination von Bereichen dieser Genomsequenz ist. 

2. Nukleotidsequenz, die den Code eines Viruspolypeptids enthSIt, das im wesentlichen mit dem Viruspo- 
lypeptid identisch ist, dessen Code der in der Rgur 2 wiedergegebenen Genomsequenz des Rinder- 
diarrhoevirus entspricht. 

3. Rekombinierendes Expressionssystem, das in der Lage ist, in einer kompatiblen Wirtszelle die 
Produktion eines mit dem Rinderdiarrhoevirus zusammenhangenden Polypeptids durchzufuhren, wobei 
dieses System eine DNS-Sequenz gemSfl Anspruch 1 umfaBt, die mit einer mit diesem Wirt kompati- 
blen Steuersequenz funktionsfahig verbunden ist. 

4. System gemafl Anspruch 3, das au/terdem vor dieser DNS-Sequenz, und in dem zugehorigen 
Leserahmen. eine verschmolzene Nukleotidsequenz enthSlt. die den Code eines Wirtsproteins Oder 
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eines Abschnitts davon enthalt. 

5- System gemafl Anspruch 4, bei dem die Sequenz der Verschmelzungs-DNS den Code eines N- 
Endabschnitts von 0-Galaktosidase enthalt. 

6. Rekombinationsvektor, der das Darstellungssystem von Anspruch 3 enthalt. 

7. Rekombinationswirtszellen. die mit dem Vektor von Anspruch 6, Oder mit einem Vektor, der das System 
von Anspruch 4 Oder 5 enthalt, umgewandelt wurden. 

a Polypeptid, das im wesentlichen mit der Gesamtheit der Aminosauresequenz, wie in der Figur 2 
dargestellt, Oder mit einem Bereich Oder einer Kombination von Bereichen davon identisch ist. 

9. Polypeptid gemSfl Anspruch 8. das au/terdem mit einem Wirtsprotein Oder einem Abschnitt davon 
verschmolzen ist. 

10- Impfstoff. der gegen den Rinderdiarrhoevirus wirksam ist. und der das Polypeptid des Anspruchs 8 und 
pharmazeutisch akzeptable Arzneitrager enthalt. 

11. Impfstoff gemSfl Anspruch 10, der auflerdem ein Immunitat erzeugendes Partikel enthalt, wobei dieses 
Partikel ein Polypeptid umfaflt, das eine Aminosauresequenz aufweist, die in der Lage ist, ein Partikel 
zu bilden, wenn diese Sequenz in einem eucaryotischen Wirt produziert wird. 

12. Impfstoff gemSB Anspruch 11, bei dem die Aminosauresequenz. die das Partikel bildet. von einem 
Hepatitits B-Virus abgeleitet ist. 

13. Impfstoff gema'fl Anspruch 12, bei dem die Aminosauresequenz, die das Partikel bildet, von HBsAg 
abgeleitet ist. 

14. Methode zum Herstellen eines Polypeptids gemSfl Anspruch 8, bei der die Zellen von Anspruch 7 
geziichtet werden, und das Rekombinationspolypeptid zurtlckgewonnen wird. 

15. Methode zum Herstellen eines Impfstoffs gegen den Rinderdiarrhoevirus, die die Methode von An- 
spruch 14 umfaBt. und bei der auflerdem pharmazeutisch akzeptable Arzneitrager hinzugegeben 
werden. 

16. Verwendung eines Polypeptids gemafl irgendeinem der AnsprOche 8 Oder 9 zur Entwicklung von Tests . 
zum immunologischen Nachweis von Verschmelzungsproteinen des Rinderdiarrhoevirus. 

17. Verwendung einer Nukleotidsequenz gemafl Anspruch 1 zum Aufbau von oligomeren Sequenzen, die 
als Diagnosesonden ntitzlich sind. 

1a Verwendung einer Nukleotidsequenz gemSfl Anspruch 1 zur Herstellung eines Impfstoffs. der als 
Trager einen lebenden Virusvektor aufweist, der in Verbindung mit dem Protein eines TrSgers die 
Darstellung eines gewUnschten Rinderdiarrhoevirus-Antigens in infizierten Zellen ermdglicht 

Revendlcatlons 

1. Sequence de nucleotides codant pour un polypeptide apparent a la diarrhee bovine qui est une region 
de la sequence genomique du virus de la diarrhee bovine representee dans la figure 2 ou une 
combinaison de regions de cette sequence. 

2. Sequence de nucleotides codant pour un polypetide viral sensiblement identique a celui code par la 
sequence genomique du virus de la diarrhee bovine representee dans la figure 2. 

3. Systeme depression recombinant susceptible d'effectuer, dans une cellule-hote compatible, la pro- 
duction d'un polypeptide apparente au virus de la diarrhee bovine, ce systeme comprenant une 
sequence d'ADN selon la revendication 1 qui est fonctionnellement lit§e a une sequence de controle 
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compatible avec I'hote precite. 

4. Systeme selon la revendication 3 qui comprend par ailieurs, en amont de la sequence d'ADN pr^citee 
et en phase de lecture avec elle, une sequence de nucleotides fusionnee codant pour une proteine- 
hote ou une partie de celle-ci. 

5. Systeme selon la revendication 4, dans iequel la sequence d'ADN de la fusion code pour une partie N- 
terminale de beta-galactosidase. 

6. Vecteur recombinant qui comprend le systeme depression de la revendication 3. 

7. Cellules-h6tes recombinantes transforme'es par le vecteur de la revendication 6 ou par un vecteur 
comprenant le systeme de la revendication 4 ou 5. 

8. Polypetide sensiblement identique a la totalite* de la sequence d'acides amines telle que representee 
dans la figure 2 ou a une region ou une combinaison de regions de celle-ci. 

9. Polypeptide selon la revendication 8, qui est par ailieurs fusionne avec une proteine-hote ou une partie 
de celle-ci. 

10. Vaccin efficace contre le virus de la diarrhee bovine qui comprend le polypeptide de la revendication 8 
et des excipients pharmaceutiquement acceptables. 

11. Vaccin selon la revendication 10, contenant par ailieurs une particule immunogenique qui comprend un 
polypeptide ayant une sequence d'acides amines susceptible de former une particule lorsque la 
sequence pr6cite*e est produite dans un note eucaryotique. 

12. Vaccin selon la revendication 11, dans Iequel la sequence d'acides amines formant la particule est 
derivee du virus de I'hgpatite B. 

13. Vaccin selon la revendication 12, dans Iequel la sequence d'acides amines formant la particule est 
d§riv6e du HBsAg. 

14. Procede de preparation d'un polypeptide selon la revendication 8, qui consiste a cultiver les cellules de 
la revendication 7 et a nicuperer le polypeptide recombinant. 

15. Precede" de preparation d'un vaccin contre le virus de la diarrhee bovine qui comprend le procede de 
la revendication 14 en ajoutant par ailieurs des excipients pharmaceutiquement acceptables. 

16. Emploi d'un polypeptide selon I'une quelconque des revendications 8 et 9 pour la preparation de tests 
permettant la detection immunologique de proteines de fusion du virus de la diarrhee bovine. 

17. Emploi d'une sequence de nucleotides selon la revendication 1 pour la construction de sequences 
oligomeres susceptibles d'§tre utilises com me sondes de diagnostic. 

18. Emploi d'une sequence de nucleotides selon la revendication 1 pour la preparation d'un vaccin 
comprenant comme vehicule un vecteur viral vivant permettant Pexpression d'un antigene souhaite du 
virus de la diarrhee bovine conjointement avec une proteine du vehicule dans les cellules infectees. 
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Pigura 2 



' pvul T aSE I 1 

ncol 



1 ATGTATACGAGAATT TGCCT AAC CTCGT AT ACATATTGGG CATT CTAAAA ATAAATT A6GCC 
CAT AT6CTCTTAAACGGATT6GAGCATATGT AT AACCCGTAAGATTTTTATTTAATCCGG 

56 stul, 61 mstll, 

63 T AAGGGACAAAT C CT CCT T AGCG AA6GC CGAAAAGAGGC T A6C CATGCCCTTAGT AGGAC 
ATT CCCTGTTTAGGAGGAATCGCTTCCGGCTTTT CT CCGATCGGTACGGGAATCATCCTG 

100 nh«l , 

123 T AGCAAAACAAGGAGGGT AGCAACAGTGGTGAGTT C6T T6GATGGCTGAA6CCCTGAGTA 
ATCGTTTTGTTCCTCCCAT CGTTGTCACCACTCAAGCAACCTACC6ACTTCGGGACTCAT 

183 CAGGGT AGTCGTCAGTGGTT CGACGCTTCGTGTGACAAGCCTCGAGGTGCCACGTGGACG 
GT CCCATCAGCAGTCACCAAGCT6CGAAGCACACTGTT C6GAGCTCCACGGTGCACCTGC 

223 *hol f 

243 AGGGCATGCCCACAGCACATCTTAACCTGAGCGGGGGTCGTTCAGGTGAAAGC6GTTTAA 
TCCCGTACGGGTGTCGTGTAGAATTGGACTCGCCCCCAGCAAGTCCACTTTCGCCAAATT 



246 sphl, 

CCAACCGCTi 
GGTTGGCGA' 

334 pstl, 



303 CCAACCGCT ACGAATACAGCCTGATAGGGTGCTGCAGAG6CCCACTGTATTGCTACTAAA 
GGTTGGCGATGCTTATGTCGGACTATCCCACGACGTCTCCGGGTGACATAACGATGATTT 



MetG luLeul 1 «ThrAsnG luL»uL«uTyrLysThrTyr 
363 AATCTCTGCTGTACATGGCACATGGAGTTGATTACAAATGAACTTTTATACAAAACATAC 
TT A6AGACGACATGT ACCGTGTACCTCAACTAAT6TTTACTTGAAAATATGTTTTGTAT6 

LysGlnLysProAlaGl yValGluGluProVa ITyrAsnGl nAlaGlyAspProLeuPhe 
423 AAACAAAAACCCGCTGGAGTGGAGGAACCAGTATATAACCAAGCA6GTGACCCTTTGTTT 
TTTGTTTTTGGGCGACCTCACCTCCTTGGTCATATATTGGTTCGTCCACTG6GAAACAAA 

468 bstE2 t 

GlyGluAraGlvValValHisProGlnAlaThrLeuLyBLeuProHisLysArgGlyGlu 
483 GGCGAGAGAGGAGTGGTTCATCCGCAGGCGAC6CTAAAACTGCCACATAAAA6AGGbGAG 
CCGCTCTCTCCTCACCAAGTAGGCGTCC6CTGC6ATTTTGAC66TGTATTTTCTCCCCTC 

ArgGluVal ProThrAsnLeuAlaSerLauProLytArgGlyAspCysArgSerGlyAsn 
543 CGCGAAGTACCT ACTA ATCTGGCGT CTCTGCCAA AAAGAGGT6A CT&CAGGTCGGGt AAC 
GCGCTTCATGGATGATTAGACCGCAGAGACGGTTTTTCTCCACTGACGTCCAGCCCATTG 

S87 pstl, 

SerLysGlyProVal SerGlyl leTyrLeuLysProGl yProLauPheTyrGl nAtpTyr 
603 AGCAAGGGACCCGTGAGTGGAATCTACCTGAAACCGGGGCC6TTATTCTACCAGGATTAC 
T CGTTCCCTG6GCACTCACCTTAGATGGACTTTGGCCCCGGCAATAAGATG6TCCTAATG 

UysGlvProValTyrHisAraAlaProLsuGluPhvPhBGlnGluAlaSernfftCysGlu 
663 AAAGGACCCGTCTATCATAGAGCTCCATTGGA6T.TCTTTCAGGAA6CCTCTATGTGTGAG 
TT TCCTGGGCAGATAGTATCTCGAGGTAACCTCAAGAAAGTCCTTCGGAGATACACACTC 

682 sacl , 

^ . ThrThrArgArglleGlyAraValThrGlySerAsp61yLyBL«uTyrHl«Il«TyrVal 
723 ACAACTAGAAGbATTGGGAGAGTAACTGGTAGT6ATGGTAAATT6TACCACATTTATGTG 
TGTTGATCTT CCT AAC CCT CT CAT TGAC CATC ACT ACCATTTAACAT66TGTAAATACAC 

CysilsAspGlyCysllcll«ValLymS«rAlaThrLytTyrHi«GlnLymVaiL«uLys 
763 TGCATAGATGGATGCATAATAGTTAAGAGCGCCACAAAATaTCATCAAAaGGTACTCAAA 
ACGTAT CTACCTACGTATTATCAATTCTCGCGGT6TTTTATAGTAGTTTTCCAT6AGTTT 

794 ava3, 

j£pValHi5AsnLysLeuAsnCy*ProL«uTrpValSerS»rCy*S«rA«pThrly*Al* 
843 TGGGTCCACAACAAACTAAATTGCCCTCTATGGGTTTCAAGCT6CTCCGACACAAAA6CA 
ACCC AG6TGT TGTTT6ATTTAAC6GGAGATACCCAAAGTTC6AC6AG6CTGT6TTTTCGT 
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903 GAA6GG6CGACAAGAaAGAAGCAACAAAAACCA6aTaG6CTG6AA^^ 

: CTTCCCCGCT6TTCTTT CTTCGTTGTTTTTG6TCTATCCGACCTTTTCCCCTCCTAC^ 

1 1 •ThrProLy«GluS«rGluLy»A>pS«rLv»ThrLv«ProPraAmnAi*Th > . t t.u. t 

•63 ataactccta&agagtcggagaXagaTagtaAgaccaXaccgcca^^ 

TATTGAGGATTTCTCAGCCTCTTTCTaTCATTCTGGTTTGM^ 

mmmmmmmmmm 

A * A A k- U * 



1063 



1143 



1323 



1S03 



1623 
1653 
1743 



1140 bgll, 



€ACAACC6TACCC6TCATTATCGCAACciII^ 
TGT6TTACCTTGAATGT7CT6TTACCCT6CCTTCCTTW 
CC6CATTtATCTTCAGAC6TACCCTA6ACCG€TCTCTTT^ 

4 4B(I 



1263 G6 
CC 

1290 b«!1. 




1327 ball, 1333 tthlllf, 1371 nh»1 » 
ThrA«nTyrThrC 



1397 pstl, 



•Atn 



Tr 

1443 TG 



vmmmmmmmmmm 

CCAGTCG6TG6TTCCCTCACAC66CAAT6TAC66CCATACTSSCTCtK 
1563 &M?U&fittif^^ 

catcattgtgttcgatccttgtcgsmtctw^ 

AA6A6GAAAC6TCCACACAACCATSTT??ccfiiACBTTcIIlM$ilTS£IST£*5T5£ I 



1760 ftbftl, 1790 hp*1, 



1M5 *inj f 
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t ifjure < 

ThrLysAtnCysThrProA 1 *C vsLauProl y *A* nThrL y s i 1 eVa IG1 yProG I yAro 
192 3 ACAAAGAATTGCACCCCTGCCTGTTTACCAAAAAATACAAAGAT CGT T GGCCCCGGT AGG 
TGTTT CT T AACGTGGGGA CGGACAAAT6GT T T T T T AT GT T T CT AGCAACCG6GGCC AT CC 

. Ph«A«pThrA*nAlaGlyA*pGlyLy*l I •LtuHiiG I uMe tG 1 yGl yHi «LtuScrG 1 u 

1963 T TCGA t ACCAA TG C6GAGGAT GGT AAAAT ACT GCA TGAGAT GGGGGGtCACT TGT CAGAG 
AAGCTGTGGTT ACGC CT C C T ACCAT TT T ATGACGT ACTC T ACCCCCCGGTGAACAGT CT C 

, y*lL*uL»uL;uSery*lv*lValL»uS«rA»pPh*Al*ProGluThrAUS»rValVal 
20*3 6TGCTACTACTCTCAGTG6TA6TGCTTTCCGATTTCGCTCCAGAGACAGCCAGT6TGGTA 
CACGATGATGAGAGTCACCATCACGAAAGGCTAAAGCGAGGTCTCTGTCGGTCACACCAT 

^««-» jYjLeul t;L«uHi;PheS«rt leProGlnGlyHi*ThrA*pI 1 «H I *A*pCy *A»pL y • 
2103 JATTTAATTCT ACAT TT CTCCAT CCCACAAG6ACACACTGACATACATG 

AT AAATT AAGA TGT AAAG AGGT AGGGTGT TC CT GT GTGACTGT ATGT ACTGACACT ATTT 

9U . i*n5inL»uA»nL»uThryalGlyL»uThrThrAlaGluV»lIl«ProGlYS« 
2163 A ACCA A CT A AACCT CAC CGT AGGACTCAC AAC AGCTG AAGT AAT ACCTGG&T CAGTT TGG 
TTGGTTGATTTGGAGTGG C AT CCTGAGTGTTGT CGACTT CATT ATG6ACCCAGTCAAACC 

219* pvull, 2209 tthllll, 

„„ ^ *«L«uG I yUy*TyrVa 1 Cy«1 I •AraProAtpTrpTrpProTyrG 1 uThrA I aThrPha 
2223 AATTTGGGCAAAT ATGT T TGTATAAGaCCAGATTGGTGGCCTTATGAGACAGCCACGTTC 
TTAAAC CCGTTT AT AC AAACAT ATTCTGGTCT AACCACC6GAATACTCTGTCG6TGCAAG 

22S0 bstXl, 

^uValPha^luGluyalGlyG^ 
2263 CT AGTGTTTGAAGA6GTGGGTCAAGTGAT CAGbAT AGTCTTGAGSgCTTTAAGaGATCT A 
G ATC ACAA ACTTCT CCAC C CAGTT CACTAGTCCT ATCAGAACTCCC6AAATT CT CT AGAT 

2306 belt, 2336 bgltl, 

, ThrArqH*TrpThpAl*Al*ThrThrThrAl*Ph«L«uV*lCy«U»uV«lLy«ValV«l 

23*3 ACGCGCATTTGGACCGCTGCTACGACTACTGCATTCCTGGTATGTCTGGTGAAGGTGGTG 
TGCGCGT AAAC CTGGCGACGATGCT6ATGACGT AAGGACC AT ACAGACCACTT CCACCAC 

ArgGlyGlnValL»uGlnGlyIleL«uTrpL«ul 1 eL »u 1 1 »Th rG 1 y A I aG 1 nG 1 yLau 

2*03 AGAGGC C AAG T GT TGC A AGGl AT ACTGTGGT TGAT ACT CAT AACAGG6GCACAAG6uCTC 
T C T CCGGT T C AC AACGT T C CGT ATGACACCAACT ATGAGT AT T6T CCCC6TGTT CCCGAG 

Proy«lCystysProGlyPh«TyrTyrAlalleAl«LyftAsnAsnGluIl*61yProL«u 
2*63 CCAGTTTGC AAACC CGGCT T T T ACT AC6CCAT AGC C AAAAAT AATGAGAT CGGCCCTCT T 
GGTCAAACGTTTGGGCCGAAAATGATGCGGT ATCGGTTTTTATTACTCTA6CC66GA6AA 

GlyAt aThrGlyLeuThrThrGlnTrpTyrGluTyrScrAspGlyHatArgLvuGlnAsp 
2523 GGGGCT ACGGGCCTCACCACTCAGTGGTATGAAT ACTCGGAT6GbATGC6GCTGCAGGAC 
CCCCGATGCCCGGAGTGGTGAGTCACCATACTT ATGAGCCTACCCTACGCCGACGTCCT6 

2S7* p»tt ( 

IhrGlyy*lValV*lTrpCy5ty«GlyGlvGluIl»Ly*TyrL»ulJ«ThrCy«61uArq 
2S63 ACGGGAGTTGT AGTGTGGTGTAAAGGTGGAGAGATCAAATATCTAATTACATGTGAGAGb 
TGCCCTCAACATCACACCACATTTCCACCTCTCTAGTTTATAGATTAATGTACACTCTCC 

GluAl aArqTyrLauAlal 1 *LeuH i «ThrAro A 1 aL eu ProThrSarVa 1 Va I PhaG 1 u 
26*d GAAGCCAGGTATCTGGCCATTCTACACACGAGAGCCCTGCCGACGTCTGTA6TATTTGAA 
CTTCGGTCCATAGACCG6TAAGATGTGTGCTCTCGGGACGGCTGCAGACATCATAAACTT 

26*7 bstXl, 26S6 ball, 266* aatll, 

Lysl 1*1 1 •A»pGlyLysGluGlnGluA»pValVal61uM»tA«pA»pA»nPh»6luLau 
2703 AAA AT CAT AGATGGA AAAGAACAAGAGGACGT AGTGGAAATGGATGAT AACTTTGAACTC 
TTTTAGTATCTACCTTTTCTTGTTCTCCTGCATCACCTTTACCTACTATTGAAACTTGAG 

Gl yLeuCy»ProCysA*pAl aLysProLauVa 1 ArqG 1 yLy «PhaA«nThrThrL«uL«u 
2763 GGT CTTTbCCCGT&TGATGCTAAACCCTTGGT AA6&66AAAATTT AATACAACACTTCT6 
CCAGAAACGGGC ACACT ACGATTTGG6AACCAT T CCCCT TTT AAATTATGTTGTGAAGAC 

AsnGlyProAtaPhvGlnnvtValCysProl 1 »G 1 y Tr pT hr6 1 y ThrVa 1 S»rl_auCy ■ 
2623 AATGGGCCAGCCTT CC AGATGGTT TGCCCT AT AGGATGbACAGGAACTGTGAGT CTGTbT 
TTACCCGGT CGGAAGGT CTACCAAAC666AT ATCCTACCTGTCCTT6ACACTCAGACACA 

HisTrp5«rA»nLysAmpThrL«uAlaH«tThrValValAraThrTyrLymArgHlsArQ 
2663 CACTGGTCCAATAA6GATACGTTAGCCATGACCGTTGTACGAACATACAA6A6fiCACA6G 
GTG AC C AGGT T ATT CCTATGCAAT C6GTACTGGC AACATGCT TGT ATGT TCTCCGT6TCC 



29*3 



29*0 stul , 

ProPhvProPheArgGlnGl yCvml IffThrGI nLysVa 1 1 1 eGl yG I y AapLau TyrAap 

cctttcccctttagGcaaggctgcattacccagaaagtcatcgggggXgacctctXcgac 
ggaaaggggaaatc cgt t ccgacgtaatg66t ctttca6t agccccct ctg6agatgctg 
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Figure 2 

j003* t gtgcct tgggagggaac tggacttgtgt accgggggacat act acgat atgt agatggg 
acacggaaccctcccttgacctgaacacatggccccctgtatgatgctatacatctaccc 

„ ProyalGiuSerCysLYsTrpCysGlyTYrLYsPheHisLy«SerGluGlyL»uProHis 
$063 CCT GT CGAGT CTTGCAAGT GGTbTGGTT ACAAGTT T CATAAAAGTGAGGGTCTGCCACAC 
GGACAGCTCAGAACGTT CACCACACCAATGTT CAAAGTATTTTCACT CCCAGACGGTGTG 

. ^, PtjeProlleGl vLvsCysLysLeuLysAsnGluSerGlyTyrArgGlnValAspGluThr 
5123 TTCCCAATTGGCAAGTGCAAGCTGAAGAATGAAAGTGGCTACAGACAAGTAGATGAGACC 
AAGGGTT AACCGTTCACGTT CGACTTCTTACTTTCACCGATGT CTGTTCATCTACTCTGG 

f ??SX5^f 5£E9ft*BSi¥ Val Al * 1 leValProThrGl ySerVa ltysCytLysl 1 «G1 y 
3163 TCTTGCAACAGAGACGGTGTGGCTATAGTACCAACTGGTTCGGTGAAATGCAAGATAGGG 
AGAACGTTGT CT CTGCCACAC CGAT AT C ATGGTTGACCAAGCCACTTT ACGTT CTATCCC 

„ M AspThrValValGlnVal I leAlaMetAspAsptysLeuGlyProttetProCyiAroPro 

3243 gacacagtggtgcaagtcatagcaatggatgataAgctagggcctatgccttgcagacca 
ctgtgt c acc acgtt cagt at cgttacctact att cgatcccggatacggaac6tctggt 

3301 ndel f 

TyrGluI lei IvProSerGluGlyProValGluLysThrAlaCysThrPheAsnTyrThr 
3303 T ATGAAAT C ATT CCCAGTGAGGGGC CGGT AGAAAAGACGGCATGT ACCTT CAACTACACA 
AT ACTTT AGT AAGGGT CACTCCCCGGCCAT CTTTT CTGCC6T ACATGGAAGTTGATGT6T 

3306 x»n1 , 

.... _ LYsThrLeuLY*AsnLysTYrTyrGluProArgAspAsnTyrPh«GlnGlnTyrHetL«u 
3363 AAAACATTAAAGAACAAGTATTATGAGCCTAGGGATAATTATTTCCAACAATACATGTTA 
TTTTGTAATTTCTTGTTCATAATACTCGGATCCCTATTAATAAAGGTTGTTATGTACAAT 

3390 avr2 f 

UysGlyGluTyrGtnTyrTrpPhcAspLeuGluXleThrAspHisHisArgAspTyrPhe 
3*23 AAAGGGGAGT ACCAATATTGGTTTGACCT AGAGATC ACTGAcCAC CACCGgGATTACTT C 
TT TCCCCTCATGGTT ATAACCAAACT6GATCTCT A6TGACTGGTGGTGGCCCT AATGAAG 

3436 sspl | 

Al aGluSerLeuLeuVal I leVal Va 1 AlaLeuLeuGlyGlyArqTyrValL*uTrpL«u 
3483 GCTGAGTCCCTACTGGTGATAGTGGTTGCACTCCTGGGCGGTAGGTACGTGCTCTGGTTA 
CGACTCAGGGATGACCACTATCACCAAC6TGAGGACCCGCCATCCATGCACGAGACCAAT 

LeuValThrTyrMetl leLeuSerGluGlnrtetThrSerGlyArqProValTrpAlaGlY 
3543 CTGGTT ACATATATGATCCTAT CAGAACAAATGACCTCGGGACGT CCAGTATGbGCAGGT 
GACCAATGTAT AT ACT AGGAT AGTCTTGTTT ACTGGA6CCCTGCAGGTCATACCCGTCCA 

3SA3 aatll, 

Glul leVal Mettle t61 yAsnLeuLeuThrHisAspSerl leGluVal ValThrTyrPhe 
3603 G AAAT AGTGATGATGGG t AACCTGCT AACAC ATGACAGT ATTGAAGTGGTGACTT ATTT C 
CTTTATCACTACTACCCGTTGGACGATTGTGTACTGT CATAACTTCACCACT6AATAAA6 

LeuLeuLeuTyrLeuLeuLeuArgGluGluAsnl leLysLysTr pVa 1 1 1 eLeul 1 eTyr 
3663 TTACTACTATACCTACTACTAAGAGAGGAAAACATCAAAAAATGGGTTATACTTATATAC 
AATGATGATATGGATGATGATTCTCTCCTTTTGT AGTTTTTTACC'CAAT ATGAATATATG 

HisI lellcValttetHisProLeuLysSerValThrVall leLeuLeuttetValGlyGly 
3723 CACATCAT AGT AATGCACCCACTAAAATCAGTGACGGTGATACTGCTAATGGTTGGAGGG 
GTGT AGTATCATTAC6T6G6TGATTTTAGTCACTGCCACTATGAC6ATTACCAACCTCCC 

HetAlaArgAlaGluProGlyAlaGlnSerPheLeuGluGlnValAspLauScrPheSer 
3783 ATGGCAAGSgCA6AACCAG6CGCCCA6A6CTTCCTAGAGCA6GTGGA tCTGAGTTTTTCA 
TACCGTTCCCGTCTTGGTCCGCGGGTCTCGAAGGATCTCGTCCACCTGGACTCAAAAAGT 

3801 narl , 

Metl leThrLeuI leVa 1 ValGlyLeuVal 1 1 eAl aArqArqAspProThrVa 1 Va 1 Pro 
3843 ATGATCACGCTCATTGT AGT AGGT CTGGTCATT6CCAGSCGCGAtCCCACTGTGGTGCCA 
TA CT AGT6C6A6T AAC AT CATCCAGACCAGT AACGGTCCGCGCTGGGGTGACACCACGGT 

3844 bell % 3902 spel , 

LeuValThr I leVal A I aAl aLeuArgVal ThrGl yLeuG 1 yPheGl yProGl yVa 1 A«p 
3903 CT AGTCACAAT AGTTGCAGC ACTGAGbGT AACGGGACT'AGGCTTTG6GCCC6GAGTGGAT 
GATCAGTGT T ATCAACGT CGTGACTCCCATTGCCCTGATCCGAAACCC6GGCCTCACCTA 

3948 apal , 



22 



EP 0 208 672 B1 



Figure 2 

Va 1 A I AfletAJ aS/alLeuThrLeuThrLeuLeuMetl 1 eSerTy rVa I ThrAspT yrPhe 
963 GTAGCTATGGCAGTCCTAACCTTGACCCTACTGATGATTAGTTATGTGACAGACTACTTC 
CATCGATACCGTCAGGATTGGAACTGGGATGACTACTAATCAATACACTGTCTGATGAAG 

ArgTyrLysArgTrpLeuGlnCyslteLeuSerLeuI 1 eA 1 aG 1 y V* 1 PheLeu 1 leArg 
323 AG&T AC AAAAGbTGGCT ACAATGTATCCTCAGCT T AAT AGCCGGGGTTTTCCTT ATACGA 
T CC ATGTT T TCCACCGATGTTAC AT AGGAGTCGAATT ATCGGCCCCAAAAGGAAT ATGCT 

SerLeuLysHisLeuGiyGluIleGluThrProGluLeuThrll eProA*nTrpArqPro 
063 AGCCTT AAACAT CTGGGCGAGAT TGAGACCCCTGAGCTGACCAT ACCGAACTGGAG&CCA 
T CGGAATTTGT AG ACCC6CT CT AAC TCTGGGGACT CGACTGGTATGGCTTGAC CT CCGGT 

LeuThrPhel 1 eLeuLeuTy rLeuThrSerA 1 aThrVa I Va 1 Thr ArgT rpLy *Va I A* p 
143 CT AACCTTCAT ACT ATTGT ACCTGACTTCAGCAACAGTTGTCACACGATGGAAAGTTGAC 
GAT TGGAAGT ATGAT AACAT GGA CTG AAGT CGTTGT CAACAGTGTGCT ACCTTTCAACTG 

1 leAlaGl yl 1 cLeuLeuG 1 nG 1 yProGl nSerPheCysOP 
203 AT AGCTGGt ATATT ACTGCAAGGGCCCCAAT CCTTCT&CTGATTGCCACCTATGGGCT 
T AT CGACCGT AT AATGAC6TT C CCGGGGTT AGGAAGACG ACT AACGGTGGATACCCGA 

4224 apal, 



.261 
»32t 

;38t 
*441 

4501 

4561 

4621 
4661 
4741 

4601 
4661 

4921 
4961 



G ACTT CCTGACCCT TGT AT TGAT CCTGCCCAC CCACGAATT AGT CA AGTTGT ACTACCT G 
CTGAAGGACTGGGAACAT AACT AGGACGGGTGGGTGCTT AATCAGTTCAACAT6ATGGAC 

AAGAC C6TCA AGA C TGATGTGGAAAAGAGTTGGCT AGGGGGGGTGGACTACAAGACAATT 
T TCTGGCAGTT CTGACTACACCTTTTCTCAACCGATCCCCCCCACCTGATGTTCT6TTAA 

HetAspGluSerGlyGluGl yValTyrLeuPheProS«rLy*Gl n 
GGCT CT ATTT ATGAT ATGGATGAAAGT6GAGAGGGCGTGT ACCTTTT CCCAT CCAAACAG 
CCGAGATAAATACTATACCTACTTTCACCTCTCCCGCACATG6AAAAGGGTAGGTTTGTC 

AsnGl yLysLysAsnValSer 1 1 eLeuLeuProLeu I leArgA 1 aThrLeuI 1 eSsrCy* 
AATGGC AAGAAAAATGT CAGCAT ACTCTTGCCCCTCATTAGAGCT ACACTAATAAGCTbT 
TTACCGTT CTTTT T ACAGTCGTATGAGAACGGGGAGT AATCTCGATGTGATTATTCGACA 

4497 tthllll, 

IleSerSerLysTrpGlnhetVal TyrMetA 1 aTyrLeuThrLeuAspPheMetTyrTyr 
AT CAGCAGCAAATGGCAGATGGTGTACATGGCTTACCTAACCTTGGACTTTATGTaCT AC 
T AGTCGT CGTTTACCGT CT ACCACATGTACCGAATGGATTGGAACCTGAAATACATGATG 

I 1 eHis ArgLysVa 1 IleGluGlull eSerGl yGl yThrAsnVal 1 1 eSer ArqVal lis 
AT ACACAGAAAGGTTAT AGAAGAGAT CTCA6GfaGGCACCAATGT6ATATCTAGfaGTGATA 
TATGTGTCTTTCCAATATCTTCTCTAGAGTCCCCCGTGGTTACACTATAGATCCCACTAT 

4563 bglll, 460S ecorS, 

Al aAlaLeul leGluLeuAsnTrpSernetGluGluGluGluSerLysGlyLvuLysLys 
GCAGCACTCAT AGAGCT AAACTGGTCT ATGGAAGAA6AAGAAAGCAAGGGCTTAAAGAA6 
CGT CGTGAGTATCTCGATT TGACCAGATACCTTCT T CTT CTTTCGTTCCCGAATTTCTTC 

PhePhel I eLeuSerG lyArgLeuLysAlaLeullell eLysHlsLysVa 1 ArgAsnG 1 n 
TTTTTTATACTATCTGGGAGStTGAAGGCCCTTATAATAAAGCATAAGGTTAG(iAACCAG 
AAA AAAT ATGAT AGACCCT CC AACT TCCGGGAAT ATT ATTT CGT ATT CCAATCCTTGGTC 

ThrValAlaSerTrpTyrGlyGluGluGluValTyrGlyM»tProLY*ValV«lThrIl« 
ACCGTA6CAAGCTGGT ATGGbGAGGAAGAAGT CT ACGGCAT6CCAAAAGTAGTGACCAT A 
TGGCATCGTTC6ACCATACCCCTCCTTCTTCAGATGCCGTAC6GTTTTCATCACT6GTAT 

4776 sphl f 

I leArqA 1 aCy sSe rLcuAsnL ys AsnLysH i sCys 1 1 •! t eCy»ThrVal CysGluA la 
ATAAGGGCTTGCTCACTAAACAAGAACAAGCATTGCATAATATGCACAGTATGTGAGGCT 
TATTCCCGAACGA6TGATTTGTTCTT6TTC6TAACGTATTATACGTGTCATACACTCC6A 

LYsLysTrpLysGlyGlyAsnCysProLY»Cy*GlyArgHi*GlYL 

AAGAAGTGGAAGGGTGGtAACTGCCCTAAATGCGGCCGCCACGGGAAGCCCATCACTTGT 
TT CTTCACCTTCCCACCGTTGACG6GATTT ACGCCGGCGGTGCCCTTCG6GTAGTGAACA 

4693 K»a3, 

Gl YMBtThrL»uAlaA5pPheGloGluArgHi*TyrLy«Aral lePhel l«Aro61uGly 

gggatgactctagcggattttgaagagag3cactacaagagaattttcataagaga6GGT 

CCCTACTGAGAT CGCCT AAAACTT CTCTCC6TG ATGTT CTCTTAAAA6TATTCTCTCCCA 

ThrPheGluGlyProPheArgGlnGluHi*SerGl yPheValGlnTyrThrAlaArgGlv 
ACATTCGAAGGACCCTTCAG6caGGAACATA6CGGGTTTGTACAATACACC6CTAG6G6A 
TGT AA6CT T CCT G6G AAGTCCGT CCTTGT ATCGCCCAAACATGTT ATGTGGCGATCCCCT 
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Figure 2 



bi AAuGACT CCTT AAAT666T AT AACC6TT66TTT CATTTTTAC6AAT ACCAT CCG 

50*9 mstll, 

1 01 AACCT AGGfiGTirAAA irr r^f? S?t? u 5 luHisLeuGlyTrpI ) eLeuLytfletG t nl 1 e 
5103 avr2 ( 512* xbal f 5133 ivr2, 5156 bglll, 

AArrArTTVV^;I5?S CGGCAAGA CCATCACCCTGGAGGTG6AGCCCAGT6ACACCATr 
AAGCACTTTTGGGACTGGCCGTTCTGGTAGTGGGACCTCCACCTCGGGTCACTG^ 
5186 bstXl f 

12\ G AGAACGTGaXg£ rr aI^ 1 uG 1 y 1 1 eProProAspG 1 nG 1 nArgLcu 

rTrTTrrAr¥555SS55S ATCCAGGA » AAGGAAGGCATTCCCCCTGACCAGCAGAGGCTC 
CTCTTGCACTTCCGGTTCTAGGTCCTATTCCTTCCGTAA6GGGGACTGGTCGTCTC« 
5251 xnnl, 



161 



5*61 



281 iTC?5??rr^r*Al?5I?^5 luAs e Gl ^ 

1 5IHIT§S C6GtAAGCAGCTGGAA GATGGCCGCTCTCTTTCTGAT^ 

TAGAAACGGCCGTTCGTCGACCTTCTACCGGCGAGAGAAAGACTAAT^ 
5287 na«l t 5296 pvull, 

CTCAGCTGG6ACGTGGACCAGGAG6CAGACTCCCCATCACCCGGAC6GCACACGTTTT 
53*3 sail, 

TAATGACTCGTACTCTTTACGGTACAGTTGTATGATCTGTTTAACTGGCGTAAAAAGCCC 

r 11515^55^5595 ^^ A ^ A ^ ^ AAG ^ G ^^^^ GG ^ G AAGA TTCCA AC CGCATTGCTAAAA 
CAATAC6GTTCTCCAT6GTGTGGTTCCCGA6GCCACTTCTAAGGTT6GCGTAACGATT^ 

5*73 kpnl, 

r^r^££55?555SI55555SS GGATGGG( ^ 

CACTCCTCCCCTGACCTTTGGCCTACCCGGATGTGTGTGGTTCCGCCGTATTC6A6TCAT 

?IPri?r?iI^5i?5iX L y sAs E LeuLeuValc Y sAs P s « rM «tGlyArgThrArqV*l 
r^r^$Ir < IS5££5S555£55555SF ACTGGTTTGTG ^^ 

CTGGTACACTGGCGTCCGTTTCTGGATGACCAAACACTATCATACCCATCCTGTTCTCAC 

^?l$X55i??!£^ snAsnL Y sLeuThrA *P G ^wThrGluTypGlyV*lLymThrA»DSer 
rIII?^$555I55S A 5S5 A 5 TTAACTGA TGAGACAGAATATG6t^ 

CAAACGGTTTCATTGTTGTTCAATT6ACTACTCTGTCTTATACCACAGTTCT6CCTGAGG 
5661 hpal, 

rr?SX5^?5?e51X AlaAr 9 c X sT y rValLeuA * nProG lu A l»V*lA«nlleS«rGly 
CCTACAG6TCTACCACGGTCCACGAT6CATAATTTAGGTCTCC6TCATTTATATAGTCCC 

a^5555555£ T 5£ TGTACACCTCCAaaaaa C a GGTGGGGAATTCACATGTGTTACTGCA 
AGGTTCCCTCGACGACATGTGGAGGTTTTTTGTCCACCCCTTAiVGTGTACACAATGACGT 

5800 ecorl , 



5581 
56*1 

5701 



S 

5761 T 



???rrXlt??E 0 5iiE hePheAs B LeuL Y» AsnL »"LysGlyTrpSer61yL«uProli» 
5821 TCGGGAACT CCAGCCTTCTTTGACCTGAAAAATTTGAAGGGATGGTCAG^ 

AGCCCTTGAGGTCGGAAGAAACTGGACTTTTTAAACTTCCCTACCAGTCCA^ 

r a a a £055Ii^I aSerSerG1 Y^gValValGlyArgValLysValGlyLysAsnGluGluSep 

5881 IIIS555SIISI55 T 5" AG ^ 

AAACT CCGAAGAT CACCGTCCCACCAGCCGT CT CAATTT CATCCTTT CTT ACTCCTTAGG 



LysProThrL 
59*1 AAGCCCAC 



TTCG6GTG 



rLysLeuMetSerGl yl I vG 1 nThrVa 1 5* rLysSarTh rA 1 lAcoLiuThr 

5555II55I55S tgg ^ atccaaaccgt ctcaaXaagcacag^ 
tttt aat t actcaccata6gtttggcagagttttt cgtgt cg6ctaaattgt 
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r igura 2 



CTCTACCA6TrCTTCTATT66TC6T*CTT6TCCCCTCT6AAATTCGTCTATTfiS'5AicGT 

€061 ACAGG66CAGGAa*AACTACAGAACTCCCAAAGGCAGTGa™S^^^ 

T6TCCCC6TCCTTTTT6AT6TCTT6A666T7TCC6TCACTATCTCCTCTATCCTTCT6^^ 

41&S pvull, 61SA tthllll, 
4210 ftfltl, 

TACCCTT6ACCCTAGTGGATfiC6GA6TAtACCTATAAAAAC66TTTACGGCSTC«CTTC 
6266 nd«l. 



6161 



4301 



CACCAA 

CTTAAGTATQGAGGACTCCACTACTTTCCCCTTCTGGAACCTtCGGTCAAGGAACTGTAT 
64G1 eoorl, 6^93 »«blZ, 

C6CCCCGATTTTTAGG6CCAACTCCTCTACTTCCCATTGTACGACCA6AAGCATG66T6T 
TCTTTCTACCSTCAACTACATCSCTTCTTTGATTTTCGfiTTCCCSATCTTSASTCCCATA 

6721 ssiHsS^ 

CATCATC6GT66TTACGGTAACTCAGTCCCCATT6C6AC66TCTAAATCTATGTCAACAA 

TGTCCGGAATTTTCTTACCGACAGTGACACCCGCTTGTCCGAf TCGCTTCTCCGTCCCAT 
6843 fttul, 

6901 IffiiSx^ 

CCATCTCACTTCGG6CCATCCATGATATCTTCGGTCCTTT6TCGCTGGCCCAGTTTCCTG 



6961 



694S tthllll, 



AT6GT6ATACTGGACAATGTCCGTGTGTCCATACCCTATCTTCTACCTTA6TTGCACT6T 
6973 tthllll, 7017 tthllll, 
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7064 pvull, 

A«nl IvMvtAl *ArqThrAftpHl«ProGluProl taGlnLeuAl iTvrAtn^rT^Ri,. 
71SA belt, 

7440 bt»l v 

TTAC5€<3ACGAGTATCGGGACAAACCCATACATCCTATA6TTCGAAACA6TTTTTCT6T€ 
7*75 «corS, 7Adt hindlll v 

* 50t 8128^ 

CA66GTTACTA6TGTCTGTATATGTGGTATCTTC7A6TTTCTGATCTCCT6TGTT6GGTG 
750ft bell, 

L««6*nT Al«ProA»nAt*ll*A ThrGluGlyL GluThrGluL LvmGiuL 
75M ""$AI*IS£A«TAAT€^^ 

GA6GTTATACGTG6ATTACGATATTCTT6ACTCCCCTTCCTCTGACTT6ATTTCCTTAAT 

^i*y*iglyAipH«tA»pAraIl»h«t6US«rIl«S«rAmpTyrAl#S«r61y$lyL«u 
7621 ^CAGTGGGtGACATG6ACAGAATCAT66AATCCATCTCAGATTATGCATCAGGAGGGTTG 
CGTCACCCACTGTACCTGTCTTA6TACCTTA66TA6A6TCTAATACGTAGTCCTCCCAAC 

7664 svi3, 

7&at acattcataagXtctcagg^ 

TGTAAGTATTCTA6AGTCC6TCTCTTTCATTCTAGACGGG6ACGTAA6TTTCTTTT6CAC 
7690 bglll % 7711 b«lll t 

GiuAUAl*Ly»G| vTyrV«lGlnLY*Ph»Xl«A*pAl.L»uIl*GluA*r.Lym61uThr 
7741 GAAGCTGCAAAAGGGTACGTCCAAAAGTTTATTGAtGCTCTTATTGAAAACAAAGAAACC 
CTTCGAC6TTTTCCCAT6CAG6TTTTCAAATAACTACGAGAATAACTTTTGTTTCTT7GG 

Il«ll«AraTyrGlyL«uTcp6lyThrHi»ThrAlAL»uTyrUymS«rli«Al«Al*Ara 
7501 ATAATCA6aTATGGCTTATGGGGAACACACACGGCACTTTACAAFAGTATT6CC6CAAGA 
TATTAGTCTATACCGAATACCCCTTGT6TGTGCCGTGAAATGTTCTCATAACG6C6TTCT 




L»uGIyHis61uThrAUPh*AlaThrL«uV«Ul*Ly«TrpL«uAUPh*G)yGlyGlu 
7*61 CTGGG6CATGAAACAGCATTTGCTACGCTAGTGATAAXGT66CTAGCCTTCGGGG6TGA6 
GACCCCGT ACTTTGTCGTAAACGATGCGATCACTATTTCACCGATC6GAA6CCCCCACTC 

m 

7902 nhtt, 

GGCCACAGTCT AGTACACT CTGTCCGCTGGCAACTGGACCAGCAAATAATACACTACTTG 

TOC4 ♦ ♦HI f f 4 
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Fiqure 2 

LysProSerPheProGlyAspSerGluThrGl nGlnGluGl yArq Arq'PheVa lAtaStr 
7981 AAACCCTCTTTCCCAGGfeGAt TCCGAAACCCAGCAGGAGGG6ag8cGATTCGTTGCCAGC 
TTTGGGAGAAAGGGTCCCCTAAGGCTTTGGGTCGTCCTCCCCTCCGCT AAGCAACGGTCG 

60<.l TTATTCAT CTCCGCTCTGGCAACCT AC AC AT AC AAG ACT TGGAACTACCACAACCTCTCC 
AAT AAGT AGAGGCGAGACCGTTGGATGTGTATGT TCTGAACCTTGATGGTGTTG6A6AGG 



6101 

6161 
6221 
6261 

6341 

6401 
6461 

AS21 
6561 

6641 
6701 



LysVa I Va 1 G 1 uProA 1 aLeuAl aTyrLeuProTyrA I aThrSerAlaLeuLy»HetPhe 
Si55l5Sl5^5££$5£ TTTGGCATACCTCCCCTAC6CTA CCAGTGCACTGAAAATGTTC 
TT CCAT CAT CT TGGT CG AAACCGT ATGGAGGGGA TGCGA TGGTC ACGTGACTT TT ACAAG 

61S1 Mmnl, 

ThrProThrArqLeuG luSerGluVal I leLeuSerThrThrl 1 eT yrLysThrTyrLvu 
ACCCCAACTAGACTGGAGAGCGAGGTTATACTTAGCACTACAATATACAAAACTTACCTC 
TGGGGTTGATCTGACCTCTCGCTCCAATAT6AATCGTGATGTTATATGTTTTGAATGGAG 

Serl leArgLysGlyLycSerAspGlyLeuLeuGlyThrGlylleScrAlaAlaHvtGlu 
T C AAT A AGbAAGGGGAA AAGTGA TGGACT CTT6GGT ACAGGGATT AGTGC6GCAATGGAA 
AGTTAT TCCTTCCCCTTT T CACT ACCTGAGAAC CCATGT CCCT AAT CACGC C6TT ACCTT 

MeLeuSerGlnAsnProVaiScrValGlylleSerValfletLeuGlyValGlyAlal It 
AT T CTGT CAC AG AACC CGGT ATCGGT AGGCAT AT CT GTT ATGCTGGGGGTGGGbGCAATT 
TAAGACAGTGTCT TGGGCCATAGCCAT CCGTATAGACAATAC6ACCCCCACCCCCGTTAA 

8264 tthllll, 

Al aAlaHisAsnAl a I leGluSsrSerGluGl nLysArgThrL«uL»ut1»tLysVal Phc 

gccgctcacaatgccattgagtctagcgaacaaaaaag&accctgttgatgaaagtgttc 

CGGCGAGTGTTACGGTAACTCA6ATCGCTTGTTTTTTCCTGGGACAACTACTTTCACAAG 
6391 xanl, 

Va lLysAsnPheTrpSerGtnAlaAlaThrAspGluLeuVa lLysGl uAsnProGluLys 
GTAAAAAACTTCTGGAGCCAGGCAGCAACAGATGAATTGGTGAAGGAAAATCCA6AAAAA 
CATTTTTTGAAGACCT CGGT CCGTCGTTGTCT AC TT AACC ACTTCCTTTTA6GTCTTTTT 

1 lelleHctAlaLeuPheGluAlaValGlnThrlleGiyAsnProLeuArgLeulleTyr 

ataataatggccctatttgaagcagttcagacaattggtaaccctct6ag€cttatatat 
tatt attacc6ggat aaacttcgtcaagtctgttaaccatt6ggagactccgaatatata 

6479 xiinl, 8497 bst£2, 

HisLeuTyrGlyVai TyrTyrLysGl yTrpGluAl aLysGluLeuSerGluArqThrAla 

cacctgtatggagtttactacaaaggctgggaagcaaAagaactatccgagaggacagca 
gtggacatacctcaaatgatgtttccgacccttc6ttttcttgatag6ctctcctgtc6t 

GlyAroAsnLeuPheThrLeul leMetPheGluAl aPheGluLeuLcuGlvhctAspStr 
GGtAGGAACCTGTTCACTTTGATAAT6TT CGAAGCTTT C6AACTGTT AGGbATGGACTCT 
CCGTCCTTGGACAAGTGAAACTATTACAAGCTT CGAAAGCTTGACAATCCCT ACCTGAGA 

6S66 Mmnl, 6612 hindlll, 

GluGlytysll e Arq As nLeuSerG 1 yAsnTyr I 1 eLeuAspLeul 1 eTyrSerLeuHis 
GAAGGGAAGAT AAGSaACCTGTCTGGAAATT AT AT CTTGGATT TGAT CT AT AGTTT ACAT 
CTTCCCTTCTATTCCTTGGACAGACCTTTAATATAGAACCTAAACTAGATATCAAATGTA 

LysGlni leAsnArqSerLeuUysLysValValLeuGl yTrpAlaProAl aProPheSer 
AAACAGATAAACA6AAGCTTGAA6AAAGTGGTCCTGGGGTGGGCTCCCGCACCTTTTA6T 
TTTGTCTATTTGTCTTCGAACTTCTTTCACCAGGACCCCACCCGAGGGCGTGGAAAATCA 

671S hlndlll f 



CysAspTrpThrProSerAspGluArqIlvArgLeuProThrAspAsnTyrLcuArqVal 
AWma ^ TGTGACTGGACTCCTAGTGATGAGAGAATTAGGTTACCCACAGACAACTATCTAAGAGT6 
^761 ACACTGACCTGAGGATCACTACTCTCTTAATCCAATGGGTGTCTGTTGATAGATTCTCAC 

6792 b*tE2, 

GluThrLysCysProCysGlyTvrGluhetLysAlaLeuAroAsnVa ISerGlySerLeu 
GAGACTAA6T6CCCATGTGGTTATGAGAT6AAAGCACTAAG8AAC6TTAGTG6CAGTCTT 
6821 CTCTGATTCACGGGTACACCAATACTCTACTTTCGTGATTCCTT6CAATCACC6TCAGAA 

Thrl leValGl uGluLyBGlyProPh«LeuCysArdA*nAroProGl yArgGlyProVal 
ACTATAGTGGAAGA6AAAGG6CCTTTTCTCTGTAG6AACA6SCCTG6TAGAG66cCAGTT 
aMt TGATATCACCTTCTCTTTCCC6GAAAAGAGACATCCTTGTCCGGACCATCTCCCGGTCAA 

6920 stul f 6938 hpal t 

AsnTyrArqVa I ThrLysTyrTyrA*pAspA«nLeuA 1 aGluI 1 tLysProV* 1 Arq Arq 

aactatagagttacaaaatactatgaTgacaacctcgcagagataaAgccagttcgaaga 

TTGATAT CT CAATGTTTT ATGATACTACTGTTGGAGCGT CT CT ATTTCGGT CAAGCT TCT 
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riqure 2 

LeuGluGl yL«uV« lGluMi*TyrTyrLy*Gl yV* 1 TMrAi a Aral t#AtoTvrfii wi v * 

9001 ctagaaggXctcgtggagcact^ 

gatcttcctgagcacc7cgtgataa1gtttccacagtgtcgttcctatctaataccgttc 

6lyty«HetL»uL9uAl AThrA«pLysTrpGluVAlGluHi«GI vl IcVal ThrAraL»u 

906i ggaaaaatgctgttagccactgataXatggJ^gtggagc^ 

cctttttacgacaatcggtgactattt accctccacct cgtgccatagcattg^ 

Al jU 

•9121 GC6A 



91 



^^cttcttcatgtgaccacaacccaagttccctcgtatggacccactgctcIggttggtg 

GCACT€GATCACCTTTCTC7GACAC6TT6GTATT6GTTTTTATGTCA^ 

— , . M «tLysLy»GlyCy*Al APheThrTyrA«pLcuS«rL»uSerA«nL«uThrAraLeul 1 • 
9241 * T GAAGAAAGGCTGTGCATTTACCTAT€ACTT6TCCCTGTCCAATTT^ 

tacttctttccgacacgtaaatggatactgaacagggacaggttaaactggtccUtt^ 

»™. Si*ftfi!X5lt! A 5V^ mA, 5 A » nL#uSluCll 'Ly«A»pIl«ProAl«Al jThrL»uThrThr 
9301 S A ^TIS5ISS A ^ AA ^ AATAA CC77GAACA€AAA6AtA7ACCA^ 

CTTAACCACGT6TTTTTATTGGAACTT CTCTTTCTGTATGGTC66CG6T6TAATT6TTGT 

9361 X$CCTA6CTT*CACATTTGTGAAT6AA6AfATC66lACTATAA^^ 

ACGGATCGAATGTGTAAACACTTACTTCTATAGCCCTGATATTTTGGTCATGACCCCCTC 
9388 «corS, 9408 «c*l , 

A ^?^*i l i? A ii A *6 p ^°^* lv * 1Ai e IltA » nL «" 6 lnProGIuValGinV*lA*pThr 
TCTCACTATC66CTGGGTCACCATCT6TAATT6AATGTTG6TCTTCACGTCCACCTAT6T 

9481 TCAGA6GTTG6GaTCACTCTG6TT6GAA€XgCAGCCTTGATGACAACA€GTaTTACACCC 
A6TCTCCAACCCTAGT6AGACCAACCTTCTCGTCGGAACTACTGTT6TCCATAATGTGGG 

, ^ ValValGluLy«ThrGluProA«nAl«AftpGly8arProSerS»rll*Lymll*GlyL«u 
9541 fTGGTTGAAAAAACAGAGCCTAATG 

CACCAACTTYTTT6TCTCGGATTAC6GCTACC6TCAG6TTCGA6ATATTTCTAACCTGAC 

9601 5 a 6gaA6GAT|TTACCCA6§5C^ 

C7GC77CC7ACAA7GGG7 CCCGGA7C7GGCG77C7667G7GAAA7CGACTGC777A7G7A 

9661 ISI4SSS$I§66fi 68 £ CCTT7GTirTT .€GTCTTGGGTTCAA6AAGTTCCATGTCAAATAGX 
A6ATCCCTACTTTCC6GGAAACAAAACCAGAACCCAAGTTCTTCAAGGTACAGTTTATCT 

MfLvjThrMjArgAinlUAmnCy 
9721 GCAAAAACTSCTAGAAACATCAACT6TACACAGAAAAGACCCCAG6AAATTA6AGAtCTG 
CGTTTTTGACGATCTTTGTA6TT6ACATGTG7CTTTTCTGGG6TCCTTTAATCTCTAGAC 

9774 bfllll, 

";tAl*GlnGlyApqrietU«uV»lV»lAtALeuAraS«rPh«A«iiPro61uL»u8»rGlu 
9781 A7GGCACAAGGGCG7 A7GC7AG7AG7GGC777AAGAAGT77CAA7CC7GAG77G7C76AA 
7ACCG7G77CCCGCATACGA7CA7CACCGAAA77C7TCAAAGT7AGGACTCAACAGAC77 

9840 spal, 

- t5Viiiii!5C6 lpL 5f» 6, lC ThrPh * l -« uA *e Ar 9 s '* lA i*L»uGl%iAlAL«uS»rL«uGlv 

9841 SId§II§*lI »iS 7 ^ 7 ^^ A ' A ^^^ 77 ^^^ 77 ^^ AA ^^^ 77 ^^^ 7 ^^^ 

GA7CAAC7AAAG77CCCC7GAAAGAACC7A7CCCAAC6GAACC77C6G6AA7CG8ACCCC 

9900 bgl1 9 

f^SS iy A E9P£oLy*GlnV»17hrThrAi*7hrV*lLy»GluL#uL»a61u61nGiuGlu 
9901 CCG6GAAGScCCAAGCAGG7AACCACAGC CACAGT7A 

6GCCC7TCC6G677CG7CCA77G67G7CGG767CAA77CC7CAACGA7C7C677C7CC77 

9918 b«tE2, 

GlnValGluIl«ProAsn7rpPheGlyAl AAftpA«pProVAlPh*Lcu61uVAlAl At«u 
9961 CAAG7CGAGA7CCCCAAC7GGT7CG67GCGGA7GACCCAG7C77C77GGAAG7AGC7CT6 
GT7CAGC7C7AGGGG77GACCAAGCCACGCC7AC7GGG7CAGAAGAACC77CATCGAGAC 

9994 tthllLl. 
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10021 
10051 



LysGlyAspLytlyrHisLeuValGl yAspVa 1 AspLysVa ILyftAtpGlnAl aLytGl v 
AAGGGTGACAAAT ACCACT T AGT AGGT6ATGT AGAT AAAGTAAAAGATCAAGCAAAGGGA 
TTCCCACTGTT T AT66T6AA7 CAT CCACTACATCTATTT CATTTTCTAGTTCGTT TCCCT 

LeuGlyAlaThrA&pGlnThrArgl 1 eVa ILysGluValGlyAl aArgThrTy rThrhet 
CT AGGGGC CACGGACCAAACTAGAAT AGTAAAAGAAGT AGGr GCGAGAACC T ACACAATG 
GAT CCCCGGT GCCTGGTT TGATCTT AT CATT T T CTT CAT CCACGCT CTT6GAT6T6TT AC 



10141 
10201 
10261 
10321 

10361 
10441 

10501 
10561 
10621 



L vsLeuSerSerTrpPhcLeuGl nA) aSerSe rLysG 1 nMe tS«rLeuThrProL«uPhe 
AAGCTGTCTAGTTGGTTTCTTCAAGCATCAAGTAAACAGATGAGCTTGACCCCTTTGTTC 
TTCGACAGAT CAACCAAAGAAGTTCGTAGTTCATTTGTCTACTCGAACTG6G6AAACAA6 

GluGluLeuLeuLeuArgCysProPraLysHetLysAtnAinLysGlyHlsllaGlyGftr 
GAGGAACTGTTGCTTCGT TGCCCTCCCAAGATGAA6AACAATAAAG6bCATATC6GATCA 
CTCCTTGACAACGAAGCAACGGGAGGGTTCT ACTTCTTGTTATTTCCCGTATAGCCTA6T 

AtaTyrGlnLeuAlaGlnGlyAsnTrpGluProLeuAspCyBGlyVAlHlmLsuGlyThr 
GCCTACCAACTAGCTCAGGGCAACTGGGAACCCCTCGATTGTGGAGTACACCTGGGCACC 
CGGATGGTT6ATCGA6TCCCGTTGACCCTTGGGGAGCTAACACCTCAT6TGGACCC6TGG 

l I e SES5 l * Ar 9 Ar g v * , *-y* Il « Hi « p roTyr6!uAlaTyrL«uUy«L«uLy«A«pL«u 
4Ii£SIS££55S A6gGTAAA6ATCCACC CATATGA6GCCTkTCTGA*ACTGAjl6GATTTA 
T ATGGACGGT CCTCCCATTTCTAGGTG6GTAT ACTCC6GATA6ACTTTGACTTCCTAAAT 

10349 ndel, 1035S stul , 

Leu6luGluGluGluArgLysPro61uGlyArgAspThrValI l«ArgGluHi«AanLya 
TTAGAAGAAGAAGAGAGSaXGCCAGAG6GTAGAGATACAGTGATAAGAGAACATAACAAG 
AATCTTCTTCTTCTCTCCTTC66TCTCCCATCTCTAT6TCACTATTCTCTT6TATTGTTC 

Trpl leLeuLysLysValArgProProArgtycProGlnTyrLyflGluAsnProGlnPro 
TGGATCCTCAAAAAAGTGAG6CCACCAAG6AAACCTCAATACAAAGAAAATCCTCAACCC 
ACCTA6GAGT TTTTTCACTCC66T66TTCCTTT6GAGTTATGTTTCTTTTA6GAGTT6G6 

10442 bamhl, 

TrpLysAJ al leArgAlaThrArgLeu61uLysGlyI 1 eLycGl uThrSerl 1 •! 1 »Thr 
TGGAAAGCTATCAGaGCAACTAGaCTAGAGAAGGGCATAAAAGAAACATCTATAATAACC 
ACCTTTCGATA6TCTCGTT6ATCTGATCTCTTCCC6TATTTTCTTT6TAGATATTATT66 

LysLeuAlaSerl 1 eLeuThrG lyA 1 aGl y 1 1 vArgLauGluLyvLauProVa 1 Va 1 Ara 
AAATTGGCCT CCATACTAACA6GT6CAGGAAT AAGGCT6GAAAAATTGCCAGTC6TTA6A 
TTT AACCGGAGGTATGATTGTCCAC6TCCTTATTCCGACCTTTTTAAC6GTCA6CAATCT 

AlaGlnThrAspHisLysSerPhvHlsGluAlal leArgAspLyt I l»AspLy*AsnG lu 

gcccaaactgaccataaaagtttccatgaggcaatcagXgataagatagacaagaacgaa 
cgggtttgactggtattttcaaaggtactccgttagtctctattctatctgttcttgctt 



10661 

10741 
10601 

10661 
10721 



AsnGlnGlnSerProGlyLeuHisAspLy«LeuLeuGlull«PheHl«Thrll«Al*Gln 
AAT CAGCAGAGCCCAG6ATTACAT6ATAAATTGTTAGA6ATCTTTCACACAATA6CCCAA 
TTAGTCGTCTCG66TCCTAATGTACTATTTAACAATCTCTA6AAAGT6TGTTATCG6GTT 

10716 bglll, 

ProSerLeuLysHisThrTyrGlyGluValThrTrpGluGlnLvuGluAlaGlylleAtn 
CCCAGCCTAAAGCACACTTACGGCGAAGTGACGTGGGAACAGCTTGAGGCAGGGATCAAC 
GGGTCGGATTTCGT6TGAATGCCGCTTCACTGCACCCTTGTC6AACTCCGTCCCTAGTT6 

AraLysGlyAlaAla61yPheLeuGluLysLysAsnLeuGlyGluValLeuA«pSer61u 
AGAAAAGGGGCTGCAGGCtTTCTAGAAAAGAAGAATCTT6GAGAAGTACT66ACTCAGAG 
TCTTTTCCCCGACGTCCGAAA6ATCTTTTCTTCTTAGAACCTCTTCAT6ACCTGA6TCTC 

10B11 pstl, 10621 xbal, 10645 seal, 

LvsHisLeuValAspGlnLeul leArgAspLeuLytiThrGlyArqLyttl UAroTyrTyr 
AAGCACCTGGTGGACCAACTAATCAGAGACCTGAAAACAGGACGGAAGATAAGATATTXT 
TTCGTGGACCACCT6GTTGATTA6TCTCTGGACTTTTGTCCT6CCT7CTATTCTATAATA 

GluThrAla 11 eProLysAsnGl uLysArg Ai pVa 1 S«r A«pA*pTrp6 1 nAl aG 1 yA«p 
GAGACAGCAATACCTAA6AACGAGAAGAGGGATGTCA6TGACGATT6GCAAGCAGGG6AC 
CTCTGTCGTTAT6GATTCTTGCTCTTCTCCCTACAGTCACT6CTAACCGTTCGTCCCCT6 



1 1 eVal AspGl uLysLysProArgVal Il»GinTyrPro61uAlaLy*ThrArgL»uAla 
10961 ATAGTTGATGAAAAGAAACCAAGAGTGATTCAATaCCCTGAAGCTAAGACAAGaCTGGCC 
T ATCAACTACTTTTCTTTG6TTCTCACTAA6TTATGGGACTTC6ATTCTGTTCT6ACC6G 

11036 ball, 

I leThrLysVain»tTyrAsnTrpValLys6InGlnProValValll«ProGlyTyrGlu 
11041 ATCACTAXAGTTATGTXCAACTGGGTGAAGCAGCAGCCTGTT6TGATCCCAGGGTXT6AA 
TAGTGATTTCAATACATGTTGACCCACTTCGTCGTCGGACAACACTAGGGTCCCATACTT 
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Figure J 

61 vt ysThr ProLeuPheLyil 1 »Ph»A*nL y aV* I ArgLyiG luT rpA*pl« u PheA«n 
G6GAAGACCCCAT T AT T CAAGAT CT T T AAC AAGGT AAGAA A6GA AT6GG AC CTGTT C AA T 
CCCTT CTGGGGT AAT AA6T T CTAGAAATTGTT CCAT 1 CTTT CCT7 ACCCT^ 

11120 bglll , 

GluProVa 1AI *V« I S*rPh»A»pThrLysAl aTrpAspThrG I nV* I ThrSvrArflAtn 
GAGC C AGT AGC TGT6AGTT T T GAT ACTAAGGCCTGfaGACAC CCAAGT CACTAGTA^ 
CT CGGT CATCGAC ACT CAAA ACT ATGATT CCGGACCCTGT6GGTT CAGT^ 

11189 *tul, 11209 ip«l, 

11221 CTACGScTTATTGgHaaaTTCAAAAATATTaCTAC^^ 

GATGC CGAAT AAC CACTTT A AGTT TTT ATAATGATGT CCTTCCTCACC^ 

112*6 sspl» 11276 eial, 

AspYhrl lvThrAspHisttetVal GluVa 1 ProVal 1 leThrAl jA«oG1 vfiluV«iTwr 
11281 SAfACCATCACCGAgcACATGG^ 

CTATG6TAfiT66CT6GTGTACCACCTCCAt66TCAGTATT6TCGTCTACCACTTCATAT6 
11307 kpnl, 

TATTCTTTACCTGTTTCCCCATCACCG6TCGGTCTGT6TTC6CGTCCATTGTCGTACGAT 
11364 b*H, 11393 *phl , 

AsnValL«uThrn«tn*tTyrAl4Ph»€ys6IuS»rTnrGlyValProTvrLv«B*rPK» 
11406. hpal, 

**5^9V*i^l* A ^5lj5Hl«V4|Cy»GlyA«pA»pGlyPheL«uIltThrGl^ 
11461 AATAGAGTT5CAAGGMCCATGTCT6T6GGGA^ 

TTATCTCAACGTTCCTAGGTACA6ACACCCCTACT6CC6AAGGACTATTGTCTCTCCCCC 
11474 bamhl, 11476 bctXI* 

.« E -w ^S^ItI^^lf mll * c X* 6ln dnArgA«pAUA«nPhvCy6nttArgArQAlASerS»r 

11521 ctggg|actaJaattt6ccaacaaag6gaU 

gacccgtgattttaaacggttgtttccctacgtttgaagacgtactccgcccgttcgagt 

44EB< Vy? A f ???2 A «:? A r95Ir L Y* A * nGluS « rl -»uProl l»GlyL»uArgHl«ArQV*lteu 

lisei aAaaataacasJagSgg^ 

TTTTTATTGTCTTCCCCTTTCTTACTTTCGAACGGATATCCAAACTCC6TATCTCAAAAC 
11607 hindlll, 

11641 CTCCCACACACCAGTCCCCGTAAGTfeTCTGATAATACCAGCAGCTACATGlcCG6TAGGt 
6AGGGTGT6TG6T C AGGG6CATTCACAGACT ATTA7 GGTCGt C6ATGT ACCG6CCAT CCG 

11701 ^CTGCCATTAT ATT AT CAAAGAtG 

TGAC66T AAT ATAATA6TTTCTACCGGTT6TTCTAACCT AATT CACCT CTCTCTCCATGG 

11723 b*ll t 11755 kpnl, 

4«-»^ I^Al*TYrGluLy«AlaV*lAlaPh«S«rPh»L«uLeuH»tTyrS«rTrpA»nProL»u 
11761 ACGGCATXT6AAA*GGCAGTGGCTTTCAGTTm 

TGCCGTATACTTTTCCGTCACC6AAA6TCAAA6AACAACTACATGAGGACCTTAGGTGAA 

11765 nd«l. 

11621 §taag€a66atttGtctcctggttctttcacagcatccagaaacagctccatcaacccag 
cattcct cct aaacagaggac caa6aaa6tgtcgtaggt cttt6tc6aggta6t tgggtc 

« Il!Sf;rTYrTYpTyrLy*GlyA*pProll«61yAUTvpLy*A«pV*l ll«6|yLy»A»n 

11661 ACCT CTTACTA T T AT AAAG6AGACCCAAT AGGbGCCT AT AAAGATGTT A 

TGGAGAATGAT AAT ATTTCCT CTGGGT TATCCCCG6AT ATTT CT ACAAT ATCCTTTTTT A 

_ A tvuS«rGluL0uLy*AroThrGlyPh*GluLyftL>uAl*ABnC*uAsnL»uS«rL*uS»r 
11941 CTGAGT6AACT AAAAAGbACGGGTT T TGAAAA^ 

GACT CACTTGAT TTT TC CTGC CCAAAACTTTTT AACC6ATT AGAT TTAGATTCG6ACA6G 
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12102 •eorS, 12117 ball, 
«TAGACAT^AT66AS?&?^tttt$Stf^^ 



*20A1 



422*1 



42361 



12169 Kinl, 




12264 pvull, 



42301 A6TT6A 
TCAACT 



12452 Mill, 124S7 neo! , 



4246! TTAACA6CCCCA 
AATTGTC6GG6T 
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